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METHOD FOR PRODUCTION OF HIGH TITER VIRUS AND HIGH 
EFFICIENCY RETROVIRAL MEDIATED TRANSDUCTION 
OF MAMMALIAN CELLS 



5 



10 FIELD OF THE INVENTION 

This invention relates to novel retrovirus 
constructs and their use in transient production of 
recombinant retrovirus in mammalian cells, and to 
methods of using such constructs to transduce 
15 mammalian cells with high efficiency. 

BACKGROUND OF THE INVENTION 

Retrovirus vectors have become the primary 
tool for gene delivery in human gene therapy 

20 applications (Miller, Nature 357:455-460 (1992)). The 
ability of retrovirus vectors to deliver an 
unrearranged, single copy gene into a broad range of 
rodent, primate and human somatic cells in primary 
culture makes them well suited for this purpose. 

25 Identification and subsequent deletion of the 

sequences present within retroviral transcripts 
encoding the packaging signals for avian (E) and 
murine (yp) retroviruses, has enabled development of 
packaging cell lines to supply in trans the proteins 

30 necessary for production of infectious virions, but 
render the packaging cell lines unable to package 
their own viral genomic mRNA (Watanabe and Temin, 
Molec. Cell. B ipl . 3 f 1 2 ) : 2 2 4 1 -2 2 4 9 (1983); Mann et 
d . _ ; Jei ^ ^ : ; 3 j-id- . :< o ^ ana tmoretso:. emu ,.em^.:. 

35 
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J .Virol . 6_1 (9) ; 2675-2683 (1987) ) . The most important 
consideration in the construction of retroviral 
packaging lines has been both the production of high 
titer vector supernatants free of recombinant 
5 replication competent retrovirus, which has been shown 
to produce T cell lymphomas in rodents (Cloyd et al. , 
J . Exp . Med .151- 542-552 (1980)) and primates (Donahue et 
al., J « Exp . Med .17 6 . 112 5-1 1 ^5 (1992)). Although early 
murine retroviral packaging lines were highly prone to 

10 generation of replication competent retrovirus (RCR) 
(Cone and Mulligan, Proc. Nat'l. Acad. Sci. USA 
81:6349-6353 (1984)) or prone to co-package the 
genome (Mann et al., supra . 1983; Buttimore and 
Miller, Mol . Cell . Biol . 6(8) :2895-2 902(198 6)) , two 

15 strategies have evolved for the construction of second 
generation packaging lines with significantly reduced 
ability for the generation of RCR. One strategy, 
embodied by PA317, uses a single genome packaging 
construct from which the initiation site for second 

20 strand synthesis, the 3' LTR, and the ^ site have been 
deleted (Miller and Buttimore, Molec. Cell. Biol. 
6(8): 2895-2902 (1986)). These modifications 
eliminate as much as possible homology between the 
packaging genome and the viral vector to reduce the 

2 5 ability to form recombinants, and have resulted in 

production of high titer, helper-free virus with many 
vector systems (Miller and Rosman, BioTechniaues 
7(9):980-990 (1989)). The second approach has been to 
divide the packaging functions into two genomes: one 

3 0 that expresses the gag and pol gene products, and the 

other that expresses the env gene product (Bosselman 
et al. , Molec. Cell. Biol. 7 ( 5 ): 1797-1806 (1987); 
Markowitz et al. , J. Virol. 62.(4): 1120-1124 (1988); 
Danos and Mulligan, Proc. Nat'l. Acad. Sci. (USA) 
35 85:6460-6464 (1988)). This approach eliminated the 
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ability for co-packaging and subsequent transfer of 
the ^-genome, as well as significantly decreased the 
frequency of recombination due to the presence of 
three retroviral genomes in the packaging cell that 
5 must undergo recombination to produce RCR. In the 
event recombinants arise, mutations (Danos and 
Mulligan, supra ) or deletions (Boselman et al. , supra; 
and Markowitz et al. , supra ) within the undesired gene 
products render recombinants non-functional. In 
10 addition, deletion of the 3 1 LTR on both packaging 
function constructs further reduces the ability to 

inanfc aithnnnh parlv attemots 

at the generation of two genome packaging lines 
yielded low titer producer clones (Bosselman et al . , 

15 supra ) producer lines are now available that yield 

high titer producer clones (Danos and Mulligan, supra ; 
and Markowitz et al M supra ) . 

Packaging lines currently available yield 
producer clones of sufficient titer to transduce human 

20 cells for gene therapy applications and have led to 
the initiation of human clinical trials (Miller, 
supra ) . However, there are two areas in which these 
lines are deficient. First, design of the appropriate 
retroviral vectors for particular applications 

25 requires the construction and testing of several 

vector configurations. For example, Belmont et al., 
Molec. and Cell. Biol. 8(12) :5116-5125 (1988) , 
constructed stable producer lines from 16 retroviral 
vectors in order to identify the vector capable of 

30 producing both the highest titer producer and giving 
optimal expression. Some of the configurations 
examined included: (1) LTR driven expression vs. an 
internal promoter; (2) selection of an internal 
promoter aerivea rrom a virai or a cei.uxdi qene . jnu 

35 (3) whether a selectable marker was incorporated in 
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the construct. A packaging system that would enable 
rapid, high-titer virus production without the need to 
generate stable producer lines would be highly 
advantageous in that it would save approximately two 
5 months required for the identification of high titer 
producer clones derived from several constructs. 

Second, compared to NIH 3T3 cells, the 
infection efficiency of primary cultures of mammalian 
somatic cells with a high titer amphotrophic 

10 retrovirus producer varies considerably. The 

transduction efficiency of mouse myoblasts (Dhawan et 
al., Science 254 :1509-1512(1991) or rat capillary 
endothelial cells (Yao et. al., Proc . Natl. Acad. Sci. 
USA 88:8101-8105 (1991)) was shown to be approximately 

15 equal to that of NIH 3T3 cells, whereas the 

transduction efficiency of canine hepatocytes 
(Armentano et. al. , Proc. Natl. Acad. Sci. USA 
87:6141-6145 (1990)) was only 25% of that found in NIH 
3T3 cells . Primary human tumor-infiltrating 

2 0 lymphocytes ("TTLs") , human CD4+ and CD8+ T cells 
isolated from peripheral blood lymphocytes, and 
primate long-term reconstituting hematopoietic stem 
cells , represent an extreme example of low 
transduction efficiency compared to NIH 3T3 cells. 

25 Purified human CD4+ and CD8 + T Cells have been 

reported on one occasion to be infected to levels of 
6%-9% with supernatants from stable producer clones 
(Morecki et ajL- , Cancer Immunol. Immunother. 32: 342- 
352 (1991)), and primate or human long-term 

30 reconstituting hematopoietic stem cells have only been 
infected to < 1% with a producer of titer of 10 6 per ml 
on NIH 3T3 cells (van Beusechem et al . , Proc . 
Natl. Acad. Sci. USA 89:7640-7644 (1992); and Donahue 
et al., supra). If the retrovirus vector contains the 

35 neo R gene, populations that are highly enriched for 
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transduced cells can be obtained by selection in G418. 
However, selectable marker expression has been shown 
to have deleterious effects on long-term gene 
expression in vivo in hematopoietic stem cells 
5 (Apperly et . al . JBlood 78:310-317 (1991)). 

An approach that yields significantly 
increased transduction of mammalian cells in primary 
culture would be highly advantageous, and this need is 
currently unmet. 

10 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides 
novel plasmid based expression vectors that direct the 
synthesis of both packagable retroviral vector 

15 transcripts and retroviral gene products required for 
rapid production of high titer recombinant retrovirus 
in human cells by transient transf ection, thereby 
eliminating the need to generate stable producer 
lines. In addition, the invention provides a method 

20 for highly efficient transduction of mammalian cells 
that have previously been described as difficult to 
transduce with retroviral constructs. The invention 
also describes the construction of cell lines in which 
the plasmid-based expression vectors of the invention 

25 that direct the synthesis of retroviral gene products 
required in trans for virus production have been 
stably integrated into the genome of the producing 
cells. These stably transf ected lines can be used to 
generate stable cell lines that continuously produce 

30 recombinant retrovirus at high titer. 

The retroviral constructs are packaging 
plasmids consisting of at least one retroviral helper 
DNA sequence derived from a replication-incompetent 
-etrovira. cjenome encoama midrib ^ - ~ - 

3b proteins requxrea to pacKage d replication mcompetem 
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retroviral vector, and for producing virion proteins 
capable of packaging the replication-incompetent 
retroviral vector at high titer, without the 
production of replication-competent helper virus. The 
5 retroviral DNA sequence lacks the region encoding the 
native enhancer and/or promoter of the viral 5 ' LTR of 
the virus, and lacks both the psi function sequence 
responsible for packaging helper genome and the 3 ' 
LTR, but encodes the SV40 polyadenylation site and a 

10 foreign enhancer and/ or promoter which directs 

efficient transcription in a cell type where virus 
production is desired. The retrovirus is a leukemia 
virus such as a Moloney Murine Leukemia Virus (MMLV) , 
the Human Immunodeficiency Virus (HIV) , or the Gibbon 

15 Ape Leukemia virus (GALV) . The foreign enhancer and 
promoter may be the human cytomegalovirus (HCMV) 
immediate early (IE) enhancer and promoter, the 
enhancer and promoter (U3 region) of the Moloney 
Murine Sarcoma Virus (MMSV) , the U3 region of Rous 

20 Sarcoma Virus (RSV) , the U3 region of Spleen Focus 

Forming Virus (SFFV) , or the HCMV IE enhancer joined 
to the native Moloney Murine Leukemia Virus (MMLV) 
promoter. The retroviral packaging plasmid may 
consist of two retroviral helper DNA sequences encoded 

25 by plasmid based expression vectors, for example where 
a first helper sequence contains a cDNA encoding the 
gag and pol proteins of ecotropic MMLV and a second 
helper sequence contains a cDNA encoding the env 
protein. The Env gene, which determines the host 

30 range, may be derived from the genes encoding 

xenotrophic, amphotrophic , ecotrophic, polytropic 
(mink focus forming) or 10A1 murine leukemia virus env 
proteins, or the Gibbon Ape Leukemia Virus (GALV env 
protein, the Human Immunodeficiency Virus env (gpl60) 

35 protein, the Vesicular Stomatitus Virus (VSV) G 
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protein, the Human T cell leukemia (HTLV) type I and 
II env gene products, chimeric envelope gene derived 
from combinations of one or more of the aforementioned 
env genes or chimeric envelope genes encoding the 
5 cytoplasmic and transmembrane of the aforementioned 
env gene products and a monoclonal antibody directed 
against a specific surface molecule on a desired 

target cell. 

Specific embodiments of the retroviral 
10 packaging plasmids of the invention are: 

pIK6.1MMSVampac, pIK6 . lMCVampac , pIK6 . IgagpolATG and 



jjj.i\o • xaiticuvnivi • 



The invention includes retroviral vectors 
that contain a modified 5' LTR, which enables 
15 efficient transcription of packagable vector 

transcripts in the desired cell type. In addition, the 
invention includes retroviral constructs encoding 

foreign genes. 

In a method of the invention, the packaging 

2 0 plasmids and retroviral vectors are transiently 

cotransf ected into a first population of mammalian 
cells that are capable of producing virus, such as 
human embryonic kidney cells, for example 293 cells 
(ATCC No. CRL1573, ATCC , Rockville, MD) to produce 

25 high titer recombinant retrovirus-containing 

supernatants. In another method of the invention this 
transiently transfected first population of cells is 
then cocultivated with mammalian target cells, for 
example human lymphocytes, to transduce the target 

30 cells with the foreign gene at high efficiencies. The 
invention further includes target cells expressing a 
foreign gene produced by the method of the invention. 
The foreian gene may be a chimeric T cell receptor 
sucn as a :D4/ zeta or ^nqie-antiiDoa\ i ' ela 

35 cell receptor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A, B and C is a diagrammatic 
representation of the retroviral packaging plasmids of 
the invention used to produce the proteins necessary 
5 to package retroviral vector transcripts: 

pIK6 . IMMSVampac , pIK6 . lMCVampac , pIK6 . IgagpolATG , and 
pIK6. lenvATG. 

Figure 2 shows the FACS profile of 293 cells 
transfected with retroviral constructs , as described 
10 in Example I, infra. 

Figure 3 shows the transduction efficiency 
determined by Southern blot analysis of infected 3T3 
DNA, as described in Example I, infra . 

Figure 4 is a bar graph of the data from 
15 experiments in which CD8 + T cells were transduced by, 
first, transient transfection of 293 cells with either 
pRTD2 . 2F3 or pRTD2.2F15 and pIK6 . lMCVampac , followed 
by cocultivation of the 293 cells with the CD8+ T 
cells and analysis of transduction efficiency by FACS, 
2 0 as described in Example II, infra. 

Figure 5 shows the results of FACs analysis 
of hematopoietic stem cells transduced with the KAT 
packaging constructs and cocultivation with 293 cells, 
as described in Example III, infra . 
25 Figure 6 examines whether the cocultivation 

of CD34+ cells with KAT transfected 293 cells leads to 
high efficiency transduction as analyzed by Southern 
blotting, as described in Example III, infra . 

Figure 7 compares the transduction 
30 efficiency of CD34+ cells transduced by the KAT system 
to that of cocultivation with a stable PA317 producer 
by Southern blotting, as described in Example III, 
infra . 

Figure 8 shows the results of FACs analysis 
35 of ^human CD34+ hematopoietic progenitors transduced 
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with the KAT pIKT retrovirus vector constructs 
following transfection of 293 cells with pIKT vectors 
and cocultivation, as described in Example IV, infra . 

5 DETAILED DESCRIPTION OF THE INVENTION 

In order that the invention herein described 
may be more fully understood, the following 
description is set forth. 

The present invention provides novel 
10 optimized transient expression plasmids (designated 
"KAT") for production of retroviral virions in which 

hirrh steadv state levels of retroviral packaging 

— _j _ _ _ _ _ ^ _ 

functions and packagable vector transcripts are 
produced following introduction of KAT plasmids into 

15 mammalian cells capable of efficient transient 

transfection and expression, in the absence of plasmid 
replication of viral vector and packaging function 
plasmids. The absence of plasmid replication enables 
production of high titer virions while minimizing the 

20 potential for production of replication competent 

retrovirus by recombination. Use of the KAT system 
yields 10-30 fold higher viral titers compared to 
cotransf ection of packaging functions and vector 
plasmids into COS cells, as described by Landau and 

25 Litman, J. Virol. 66 (8 ): 5110-5113 (1992)). 

Alternatively, because the KAT packaging function and 
viral vector plasmids contain the SV40 origin of 
replication, they can be transfected into cell lines 
that enable replication of SV40 origin-containing 

30 plasmids due to expression of the SV40 T antigen, such 
as tsa201 (Heinzel et al., J. Virol. 62 ( 10 ): 3738-3746 
(1988)). Using the KAT system, viral titers in the 
presence of plasmid replication are 3 to 10-fold 
.^qner tnan rne dosence :. :eu^waii^i, *net_ne. 

3b replicating or nonrepucat ing piasmias are asea, cne 
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KAT system permits the rapid production of high titer 
recombinant retrovirus supernatants without the need 
for generating stable producer lines. 

The retroviral constructs of the invention 
5 also find use in the method of the invention to 
transduce by cocultivation , with high efficiency, 
mammalian cells, such as primary human cells, that are 
typically refractory to transduction by conventional 
means . 

10 The plasmids of the invention also find use 

in the construction of stable cell lines that 
constitutively produce the retroviral proteins 
required in trans for the production of retrovirus 
particles: gag, pol and env. These stable packaging 

15 constructs can be introduced into human cell lines by 
calcium phosphate transfection or electroporation, 
together with a dominant selectable marker, such as 
neo, DHFR* , Gin Synthetase, ADA, followed by selection 
in the appropriate drug and isolation of clones. This 

2 0 enables the production of high titer stable producer 
clones following introduction of a retroviral 
construct into these cells. These cell lines have all 
of the same properties of the transiently transfected 
producer cells. However, due to stable integration of 

25 both packaging function and virus vector, they 
continue to produce high titer retrovirus 
indefinitely . 

Plasmids containing the packaging functions 
can be split with one encoding the gag and pol genes 

30 and a second encoding the env gene product. Packaging 
lines containing two viral genomes have been described 
(Bosselman et al. , Molec. Cell. Biol. 7 ( 5 ): 1797-1806 

(1987) ; Markowitz et al., J. Virol. 62(4): 1120-1124 

(1988) ; Danos and Mulligan, Proc. Natl. Acad. Sci. 
35 (USA) 85:6460-6464 (1988)) and are desirable due to 
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the significantly reduced chance for the generation of 
replication competent retrovirus (RCR) following 
recombination between a retroviral vector and 
packaging construct. Use of the plasmids of the 
5 invention results in a packaging line yielding the 
high efficiency transduction of the transient system, 
but with the added ease of a stable packaging system 
and the safety of a two genome packaging system. The 
novel plasmids of the invention enable a significant 

10 advance over previously described two genome packaging 
lines. The KAT plasmids encoding gagpol and env genes 
have been constructed so that only protein coding 
sequence from the retroviral genome is present. Using 
the retroviral vectors described in the invention, no 

15 overlap exists between the retrovirus vector and 

packaging genomes at their 3' ends. This structure in 
combination with replacement of the gag start codon 
(ATG) in the vector with a stop codon absolutely 
precludes the generation of replication competent 

20 retrovirus in contrast to previously described 
packaging lines where complete viral genomes 
containing mutations (Danos and Mulligan, Proc. Nat ' 1 . 
Acad. Sci. (USA) 85:6460-6464 (1988)) or deletions 
(Bosselman et al., Molec. Cell. Biol. 7 ( 5 ): 1797-1806 

25 (1987); Markowitz et al., J. Virol. 62(4): 1120-1124 
(1988)). These prior known packaging lines contain 
overlap at the 3 ' end of the virus vector with the 
packaging line and can potentially generate RCR. 

Two genome packaging lines are constructed 

30 by seguential introduction of the gagpol plasmid 

followed by the env- containing plasmid. The env genes 
are responsible for recognition of cell surface 
receptors. Five functionally and structurally 
iilterem. err- aeries nave oeei. .aent^^^ ... 

35 leukemia viruses ana nave oeen snown x,^ nave 
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genetically distinct receptors (Battini et al. , J . of 
Virol, 66:1468-1475 (1992)). Human host range with 
murine leukemia virus vectors is possible by the 
introduction of the amphotropic env gene into a cell 
5 line that expresses the ecotropic MLV gagpol (Danos 

and Mulligan, Proc. Nat 1 1 . Acad, Sci. USA 85:6460-6464 
(1988)). The xenotropic and 10A1 MLV viruses have 
human host range, as well as the gibbon ape leukemia 
and feline leukemia viruses. Using cDNA clones of 

10 these env genes, one or more can be stably introduced 
into a gagpol line to create a packaging line where 
the retrovirus produced following introduction of a 
retroviral vector can enter the target through 
multiple genetically distinct receptors. This leads to 

15 substantial increases in apparent viral titer. The 
vectors of the invention provide for the ability to 
create these types of novel packaging lines. 

Most of the techniques used to construct 
vectors, and transfect and infect cells, are widely 

2 0 practiced in the art, and most practitioners are 

familiar with the standard resource materials which 
describe specific conditions and procedures. However, 
for convenience, the following paragraphs may serve as 
a guideline . 

25 Construction of the vectors of the invention 

employs standard ligation and restriction techniques 
which are well understood in the art (see Maniatis et 
al* / in Molecular Cloning: A Laboratory Manual , Cold 
Spring Harbor Laboratory, N.Y. (1982)). Isolated 

30 plasmids, DNA sequences, or synthesized 

oligonucleotides are cleaved, tailored, and religated 
in the form desired. 

Site-specific DNA cleavage is performed by 
treating with the suitable restriction enzyme (or 

35 enzymes) under conditions which are generally 
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understood in the art, and the particulars of which 
are specified by the manufacturer of these 
commercially available restriction enzymes. (See, 
e.g. New England Biolabs, Product Catalog.) In 
5 general, about 1 /xg of plasmid or DNA sequences is 

cleaved by one unit of enzyme in about 20 n± of buffer 
solution. Typically, an excess of restriction enzyme 
is used to insure complete digestion of the DNA 
substrate. Incubation times of about one hour to two 

10 hours at about 370C are workable, although variations 
can be tolerated. After each incubation, protein is 
removed by extraction with phenol /chlorof orm, and may 
be followed by ether extraction, and the nucleic acid 
recovered from aqueous fractions by precipitation with 

15 ethanol. If desired, size separation of the cleaved 
fragments may be performed by polyacrylamide gel or 
agarose gel electrophoresis using standard techniques. 
A general description of size separations is found in 
Methods of Enzymology .65:499-560 (1980). 

20 Restriction cleaved fragments may be blunt 

ended by treating with the large fragment of E. coli 
DNA polymerase I (Klenow) in the presence of the four 
deoxynucleotide triphosphates (dNTPs) using incubation 
times of about 15 to 25 minutes at 20OC in 50 mM Tris 

25 (pH 7.6) 50 mM NaCl, 6 mM MgCl 2 , 6 mM DTT and 5-10 mM 
dNTPs. The Klenow fragment fills in at 5 1 sticky ends 
but chews back protruding 3 1 single strands, even 
though the four dNTPs are present. If desired, 
selective repair can be performed by supplying only 

30 one of the dNTPs, or with selected dNTPs, within the 
limitations dictated by the nature of the sticky ends. 
After treatment with Klenow, the mixture is extracted 
with phenol /chlorof orm and ethanol precipitated, 
.reatment under appropriate .ona.i.urn, 

3b 
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nuclease or Bal-31 results in hydrolysis of any 
single-stranded portion. 

Ligations are performed in 15-50 pi volumes 
under the following standard conditions and 
5 temperatures: 20 mM Tris-Cl pH 7.5, 10 mM MgCl 2 , 10 mM 
DTT, 33 mg/ml BSA, 10 mM-50 mM NaCl , and either 40 mM 
ATP, 0*01-0.02 (Weiss) unites T4 DNA ligase at ooc 
(for "sticky end" ligation) or 1 mM ATP, 0.3-0.6 
(Weiss) unites T4 DNA ligase at 140c (for "blunt end" 

10 ligation) . Intermolecular "sticky end" ligations are 
usually performed at 33-100 ^g/ral total DNA 
concentrations (5-100 mM total end concentration) . 
Intermolecular blunt end ligations (usually employing 
a 10-30 fold molar excess of linkers) are performed at 

15 i jxM total ends concentration. 

The retroviral vectors and packaging 
plasmids of the KAT system are prepared as follows: 
Production of novel retroviral vectors and packaging 
plasmids 

20 The KAT constructs include DNA packaging 

plasmids consisting of at least one retroviral helper 
DNA sequence derived from a replication-incompetent 
retroviral genome, e.g. a leukemia virus genome, 
encoding in trans all virion proteins required to 

25 package a replication incompetent retroviral vector , 

and for producing virion proteins capable of packaging 
the replication-incompetent retroviral vector at high 
titer, without the production of replication-competent 
helper virus. In one embodiment the retroviral 

30 packaging DNA sequence lacks the region encoding the 
native enhancer and/or promoter of the viral 5'LTR of 
the virus, and lacks the psi function sequence 
responsible for packaging helper genome as well as the 
3* LTR, but encodes a foreign enhancer and/or promoter 

35 which directs efficient transcription in a cell type 
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where virus production is desired, and includes an 
SV4 0 polyadenylation site. The transcription 
initiation site of the foreign enhancer and promoter 
is joined to the leukemia virus genome at the 5' end 
5 of the "R" region of the 5* LTR. 

The retrovirus may be a Moloney Murine 
Leukemia Virus (MMLV) , the Human Immunodeficiency 
Virus (HIV) or the Gibbon Ape Leukemia virus (GALV) . 
The foreign enhancer and promoter joined to the R 

10 region of the 5 ' LTR may be the human cytomegalovirus 
(HCMV) immediate early (IE) enhancer and promoter (the 
U3 region) of the Moloney Murine Sarcoma Virus (MMSV) . 
the U3 region of the Rous Sarcoma Virus (RSV) , the U3 
region of the Spleen Focus Forming Virus (SFFV) , or 

15 the HCMV IE enhancer joined to the native Moloney 
Murine Leukemia Virus (MMLV) promoter. 

All psi (ip) -packaging plasmids are 
derivatives of the plasmid pIKl.l. pIKl.l is a 
mammalian expression vector constructed by four 

20 successive insertions into pMF2 , which is created by 
inserting the synthetic polylinker 5 1 -Hindlll-Sphl- 
EcoRI-AatII-BglI-XhoI-3 • into Kpnl and SacI sites of 
pSKII (Stratagene, San Diego, CA) , with loss of the 
Kpn I and Sac I sites. First, a BamHI-Xbal fragment 

25 containing the SV40 T antigen polyadenylation site 
(nucleotides 2770 to 2533 of SV40, Reddy et al. , 
Science 200 : 494-502 (1978)) and an Nhel-Sall fragment 
containing the SV40 origin of replication (nucleotides 
5725 to 5578 of SV40) are inserted by three-part 

30 ligation between the Bglll and Xhol sites, with the 
loss of the Bglll, BaiciHI , Xbal, Nhel, Sail and Xhol 
sites. These BamHI-Xbal and Nhel-Sall fragments are 
synthesized by PCP with pSV2neo (Southern and Berg, J. 
Moi . APPi . Jen. .> *t - ^ 8 2 , ~i cne -empidt t- 

35 usmq oligonucleotide primer pairs j ana ±, ana o ana 
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6, respectively, which incorporated BamHI , Xbal , Nhel 
and Sail sites at their respective ends. Second, an 
Sphl-EcoRI fragment containing the splice acceptor of 
the human al globin gene second exon (nucleotides +143 
5 to +251) is inserted between the SphI and EcoRI sites . 
This Sphl-EcoRI fragment is synthesized by PCR with 
p7TSVaHP (Treisman et al. , Proc. Natl. Acad. Sci. USA 
80:7428-7432 (1983)) as the template using 
oligonucleotide primers 7 and 8, which incorporate 

10 SphI and EcoRI sites at their respective ends. Third, 
the synthetic polylinker 5 • -EcoRI-Bglll-NcoI-Apal- 
AatII-3 1 is inserted between the EcoRI and the Aatll 
sites. Fourth, a Hindlll-SacI fragment containing the 
CMV IE enhancer/promoter (nucleotides -674 to -19, 

15 Boshart et al. , Cell 41:521-530 (1985)) and a 

chemically synthesized SacI-SphI fragment containing 
the CMV IE first exon/splice donor (nucleotides -19 to 
+170) are inserted by three-part ligation between the 
Hindlll and SphI sites. The Hindlll-SacI fragment is 

20 prepared by PCR with pCDM8 (Seed, Nature 329 : 840-842 
(1987) ; Seed and Aruffo, Proc. Natl. Acad. Sci. USA 
84.: 3365-3369 (1987)) as the template using 
oligonucleotide primers 9 and 10, which incorporated 
Hindlll and SacI sites at their respective ends. 

25 

Primer 3: 5 1 - GGTCGACCTGGATCCGCCATACCACATTTGTAG -3' 
Primer 4: 5 1 - GCCGCGGCTCTAGAGCCAGACATGATAAGATAC -3 1 
Primer 5: 5 1 - AAGCTTGTGCTAGCTATCCCGCCCCTAACTCCG- 3 1 
Primer 6: 5'- CGAAATCGGTCGACCGCAAAAGCCTAGGCCTCC-3 1 
30 Primer 7: 5*- GTCTATAGCATGCTCCCCTGCTCCGACCCG-3 1 
Primer 8: 5'- GGTACCGAATTCTCCTGCGGGGAGAAGCAG-3 1 
Primer 9: 5'- CGCCAAGCTTGGCCATTGCATACGGT-3 1 
Pr imer 10: 5 1 - GAGGTCTAGACGGTTCACTAAACGAGCTCT- 3 ' 



35 
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An Xba I site is introduced at the 
transcription initiation site of the HCMV IE promoter 
in pIKl.l by replacement of the chemically synthesized 
Sac I / Sph I oligonucleotide encoding -19 to +170, 
5 described above, with a chemically synthesized Sac 
I/Sph I oligonucleotide where an Xba I site at 
nucleotides +1 to +6 had been introduced to generate 
pIK6.1. This allows insertion of any enhancer/promoter 
as a Hind III to Xba I cassette so as to insert the 

10 appropriate enhancer and promoter that will direct the 
highest possible expression level of the desired 
sequences in the desired cell type. In order to obtain 
the highest expression levels in mouse fibroblast NIH 
3T3 (ATCC CRL 1658) or M. dunni (ATCC CRL2017) , the 

15 complete MMSV U3 region was synthesized by PCR using 
the plasmid pN7 (Miller et al., Mol. Cell. Biol. 
5:431-437 (1985)) as a template and two primers: one 
which encoded a Hindlll site and the 5'- 21 nucleotides 
of the U3 , and a second which encoded the 3 1 21 

2 0 nucleotides of the MMLV U3 region and an Xba I site. 
This PCR fragment was cloned between the Hindlll and 
Xba I sites of pIK6.1 to generate pIK6.1MMSV. In order 
to direct high level expression in human cells, 
pIK6 . 1MCV was constructed by isolation of the Nco 

25 I/Spe I fragment of the HCMV IE enhancer (Boshart et 
al . , supra ) , addition of synthetic oligonucleotide Bel 
I linkers, and insertion in the Bam HI site of the 
plasmid pAHB (Dr. P. Robbins, University of 
Pittsburgh, Pittsburgh, PA) . This plasmid was 

30 designated pMCV. pAHB is a plasmid in which the Clal 
to EcoRI fragment of pZIPneoSVX (Cepko et.al, supra ) , 
containing viral sequences including the 3' LTR, has 
been cloned into the Clal and Eco RI sites of pBR322 
cina wnere trie bdu l.. Hpa ^ ennance: : r aqmem. c : 

35 MMLV U3 has been removed. Due to the Homology between 
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the MML.V U3 and the MMSV U3 , the PCR primers described 
above were used to generate a Hind III/Xba I linker 
fragment encoding the U3 fragment of pMCV, which was 
cloned into pIK6.1 to generate pIK6.1MCV. These 
5 plasmids, as well as pIK6.1, were further modified by 
deletion of 112 nucleotides of the SV40 
polyadenylation site between the Apal site at the 3* 
end of the pIK polylinker and the Hpa I site in the 
SV4 0 polyadenylation site and replacement with an Nhe 

10 I linker to create pIK6.1.Nhe, pIK6 . 1 .MMSV. Nhe and 
pIK.6. IMCV.Nhe. 

pIK6 . IMMSVampac and pIK6 . lMCVampac were 
constructed by insertion of 3813 base Sac I/Sal 
fragment encoding a portion of the U3 region, the R, 

15 and U 5 regions, the gag gene and a portion of the pol 
gene of pMOV psi- (Mann et al. , supra ) , and the 4140 
base pair Sal 1-Nhe I fragment encoding pol/env, 
derived from pCRIPamgag-2 (Dr. O. Danos, Institute 
Pasteur, Paris, France) between the Sac I and Nhe I 

20 sites of pIK6 . 1MMSV . Nhe or pKI6 . 1MCV. Nhe , 

respectively. pCRIPamgag-2 is a derivative of 
pCRIPamgag where the pBR3 2 2 plasmid backbone has been 
replaced by the plasmid pUC19. The resulting plasmids 
encode the gag and pol genes from ecotropic MMLV and 

25 the envelope gene from the 4070A amphotropic MLV 

(Chattopadhyay et al. , J. Virol. 39.(3) : 777-791 (1981)) 
and are diagramed in Figure 1A. 

To delete untranslated sequences 3 1 from the 
envelope gene of pIK6 . lMCVampac a PCR reaction was 

30 performed using pIK6 . lMCVampac as the template with 
synthetic oligonucleotides 5 1 CTGATCTTACTCTTTGGACC3 1 
and 5 ■ GAATTCGCTAGCCTATGGCTCGTACTCTATAG 3 ' . The 
resulting 142 basepair PCR product was cut with Clal 
and Nhel . This 100 base pair fragment was excised and 

35 used to replace the corresponding 172 base pair Clal 
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to Nhel fragment of pIK6 . lMCVampac to give 

pIK6 . lMCVampac UTA. 

pIK6 . lamenvATGUTA was constructed by 

replacing the 172 base pair Clal to Nhel fragment in 
5 pIK6.1amenvATG with the 100 base pair Clal to Nhel 

fragment from pIK6 . lMCVampacUTA. pIK6 . iMCVamenvATGUTA 

was constructed by replacing the 961 base pair Hind 

III to Eco RI fragment containing the CMV promotor 

and alpha globin splice acceptor in pIK6 . lamenvATGUTA 
10 with the corresponding 896 base pair Hind III to Eco 

Rl fragment from pIK6.1MCV. 

pIK6 . lMCVgagpolATG was constructed by 

replacing the 961 base pair Hind III to Eco RI 

fragment containing the CMV promotor and alpha globin 
15 splice acceptor in pIK6 • IgagpolATG with the 

corresponding 896 base pair Hind III to Eco Rl 

fragment from pIK6.1MCV. 

The retroviral packaging plasmids of the 

invention, designated pIK6 . IMMSVampac and 
20 pIK6. lMCVampac, have been deposited with the American 

Type Culture Collection (ATCC) , 12301 Parklawn Drive, 

Rockville, Maryland, under the Budapest Treaty, and 

have there been identified as follows: 

25 Plasmid ATCC Accession No. Deposit Date 

pIK6 . IMMSVampac 75484 June 11, 1993 

pIK6. lMCVampac 75483 June 11, 1993 

In another embodiment, the packaging 
30 functions may be encoded by two plasmid based 

expression vectors, for example two helper sequences, 
where a first helper sequence contains a cDNA encoding 
the gag and pol proteins of ecotropic MMLV and a 

secona nexper sequenc t _ o n ^ - : 1 ; - ° a L ; 1 ^ 

3b retroviral env protein, l'he hnv gene, wnicn determines 
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the host range, may be derived from the genes encoding 
the xenotrophic, amphotrophic , ecotrophic, polytropic 
(mink focus-forming) or 10A1 murine leukemia virus, 
Gibbon Ape Leukemia Virus (GALV) , the Human 
5 Immunodeficiency Virus (gp!60) env proteins; the 

Vesicular Stomatitus Virus (VSV) G protein; the Human 
T cell leukemia (HTLV) type I and II env gene 
products; a chimeric envelope gene derived from 
combinations of one or more of the aforementioned env 
10 genes; or chimeric envelope genes encoding the 

cytoplasmic and transmembrane of the aforementioned 
env gene products and a monoclonal antibody directed 
against a specific surface molecule on a desired 
target cell. 

15 Construction of plasmids which reflect this 

embodiment is described as follows: pIK6 . IgagpolATG , 
encoding the MMLV gag and pol genes, was constructed 
first by digestion of pMOVpsi- with Sea I, addition of 
a Nhe I synthetic linker, redigestion with Afl II and 

20 isolation of the 5.2 kb Afl II/Nhe I fragment 
(nucleotides 644 to 5869 of MMLV) . A synthetic 
oligonucleotide encoding nucleotides 621 to 644 of 
MMLV (ATG of the gag gene to Afl II) , in which the ATG 
at nucleotide 621 was converted to a Nco I site, was 

25 ligated together with the Afl II/Nhe I fragment 

between the Nco I site polylinker and the Nhe I site 
at the 5' end of the SV40 poly adenylation site of 
pIK6. INhe. 

pIK6 . lamenvATG, encoding the MLV 4 07 OA Env 
30 gene, was constructed by digestion of pCRIPAMGAG-2 
(Danos and Mulligan, supra ) with Afl 111 and 
redigestion with either Nhel or HinPl and isolation of 
the .325 kb HinP 1/Afl 111 fragment (nucleotides 37 to 
365 of the MLV 4070A Env gene; (Ott et.al., J, Virol. 
35 64 (2) :757-766(1990) ) and the 1.7 kb Afl 111/Nhe 1 
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fragment (from nucleotide 365 of the MLV 4070A Env 
gene;(Ott et.al., supra ) to the Nhe 1 site in the MMLV 
3' LTR of pCRIPAMGAG-2 (Danos and Mulligan, supra ) 
respectively. A synthetic oligonucleotide encoding 
5 nucleotides 37 to 43 of the MLV 4070A Env gene (ATG of 
the env gene to HinP 1) , in which the ATG at 
nucleotide 37 was converted to a Nco I site, was 
ligated together with the HinP 1/Afl 111 fragment and 
the Afl 111/Nhe 1 fragment between the Nco I site in 
10 the polylinker and the Nhe I site at the 5* end of the 
SV40 poly adenylation site of pIK6.1Nhe. These 

vNlaemi^e =a T-O 1 » rtTT ATTlfPd in FidUre 1A . 

W — -3 - 

The two genome retroviral packaging plasmids 
of the invention, designated pIK6 . IgagpolATG and 
15 pIKS.lamenvATG, have been deposited with the American 
Type Culture Collection (ATCC) , 12301 Parklawn Drive, 
Rockville, Maryland, under the Budapest Treaty, and 
have there been identified as follows: 



20 Plasmid ATCC Accession No. Deposit Date 

pIKS.lgagpolATG 75486 June 11, 1993 

pIK6.1amenvATG 75485 June 11, 1993 



Retroviral Vectors 

25 Both single genome and two genome packaging 

constructs utilize retroviral vectors that contain 
modified 5' LTRs that direct efficient transcription 
in the cell type where retrovirus is to be produced. 
The retroviral vectors of the invention are modeled 

30 after pZen (Johnson et al. , The EMBO Journal 8(2): 441- 
448 (1989)), a neo- version of pZIPneoSVX (Cepko et 
al., Cell 37;: 1053-1062 (1985) ) , in which the gene 
product to be expressed is cloned downstream of the 
spuce acceptor me posxuon ;iurmd - ; ^ upxeu ^ " 

35 the neo cassette { CepKo ei a_x . , supra; . ^ aaait-ion, 
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viral gag sequences up to the Nar I site of MMLV 
(nucleotide 103 8) were added for improved packaging 
(Armentano et al. , J. Virol. 61:11647-1650 (1987)) and 
the Xho I to Cla I fragment of pZIPneoSVX was deleted 
5 (Cepko et al. , supra ) . The Eco RI to Apa I polylinker 
from pIKl.l was inserted downstream of the splice 
acceptor to enable transfer of inserts from pIK 
plasmids into retroviral constructs. The resulting 
plasmid is designated pRTD1.2 and contains both 5' and 

10 3 1 MMLV LTRs . The 5' LTR U3 region of pZIPneoSVX was 
replaced with the MMSV U3 , derived from the 
Hindlll/Sac I fragment of pIKMMSV, to generate 
pRTD4.2. In pRTD2 . 2 , the U3 region of the 5' LTR of 
pZIPneoSVX was replaced with the Hind Ill/Sac I 

15 fragment from pIKl.l encoding the CMV immediate early 
enhancer / promoter , which was fused to the MMLV R 
region by an oligonucleotide that encodes nucleotides 
19 (Sac I) to +1 of the HCMV promoter linked to 
nucleotides +1 to +32(KpnI) of MMLV (Schinnick et al., 

20 Nature 293 ; 543-548 (1980)). pRTD2.2SVG was constructed 
by replacement of the (750 bp) Sac I to Bst EII 
fragment of pRTD2 . 2 with the (736 bp) Sac I to Bst EII 
fragment of LXSN (Miller and Rosman, BioTechniques 
7:980-990(1989)). pRTD2.2SSA was constructed by 

25 replacement of the (1441 bp) Sac I to Eco RI fragment 
of pRTD2 . 2 with the (1053 bp) Sac I to Eco RI fragment 
of LXSN (Miller and Rosman, supra ) . pRTD2.2SVGE- was 
constructed by synthesis of an oligonucleotide 
encoding nucleotides 2878-2955 of pLXSN (GenBank 

30 Accession Bank, M28248) which had been appended by 
addition of an Apa I site on it's 5 1 end. This was 
used to replace the Apa I to Nhe I fragment of 
pRTD2.2SVG, which contains the DNA sequence 3' of the 
of the polylinker and 5 1 of the Nhe I site in the 3' 

35 LTR. These retroviral vector constructs of the 
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invention have a pBR322 backbone and include pRTD2 . 2 , 
pRTD4.2, pRTD2 . 2 SVG , pRTD2.2SVGE- and pRTD2.2SSA. 

In order to permit plasmid replication in 
cells which express the SV4 0 T antigen, the sequences 
5 between the 5' and 3- LTRs of pRTD2 . 2 were cloned 

between the Sad and Eco RI sites of pIKl.l, described 
above, which contains the SV40 origin of replication 
to form vector pIKT2 . 2 . pIKT2.2SVG was constructed by 
insertion of the fragment defined at its 5' end by the 
10 Sac I site in the HCMV promoter of pRTD2.2SVG and 

defined at its 3' end by an Eco RI site located 7 50 bp 
^ 4 ~* ti t.tp of r>RTD2 . 2 SVG . between the 

UUWildUicaai wju ~* *- 

sad and Eco RI sites of pIKl.l. pIKT2 . 2SVGE-F3 was 
constructed by replacing the 182 base pair Apal to 
15 Nhel fragment of pIKT2.2SVGF3 with the 80 base pair 

Apal to Nhel fragment from pRTD2 - 2SVGE-F3 as described 
above . 

pRT4 3.2F3 was derived from pIKT2 . 2SVGE-F3 by 
replacing the Eco RI to Apal polylinker located 
20 approximately 750 base pairs downstream from the 3' 
LTR with a synthetic oligonucleotide containing an 
AscI recognition site. In addition, the Nde I site at 
the 3 ' end of the viral gag sequences has been 
converted to an Xhol site by oligonucleotide 
25 insertion. pRT43.3PGKF3 was derived from pRT4 3.2F3 
first by removal of the 3' LTR in pRT43.2F3 and 
insertion of a 3 ' LTR in which the sequences from 
PvuII to Xbal were deleted (MMLV, GenBank session 
#J02255 nucleotide numbers 7938-8115). In addition 
the MMLV splice acceptor region has been replaced with 
the human phosphoglycerate kinase gene promotor 
(GenBank session #M11958 nucleotides 2-516) which was 
rloned into a polylinker with a Xhol site at its 5' 
ena ana an lco ai -'^ enu . 



30 



35 
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In one embodiment of the retroviral vectors 
of the invention, DNA encoding genes to be transduced 
into mammalian target cells using the method of the 
invention, for expression of chimeric receptor 
5 constructs are prepared. The construction of the 
chimeric receptor constructs is described below. 

CD4/CD3 zeta and Anti-HIV/CD3 zeta Retroviral vectors 
KAT retroviral vectors pRTD2.2F3, 

10 pRTD2 . 2SVGF3 , pRTD2 . 2SSAF3 , pRTD2 . 2SVGF3E- , 

pIKT2 . 2SVGF3 were constructed by Eco RI/Apa I 
digestion of pIKF3 (described below) , isolation of the 
1.9 kb fragment, followed by ligation of this fragment 
between the Eco RI and Apa I sites in the pIK 

15 polylinker of the vectors pRTD2 . 2 , pRTD2.2SVG, 
pRTD2 . 2SSAF3 , pRTD2 . 2 SVGE- , pIKT2.2SVG. KAT 
retroviral vector pRTD2.2F15 was constructed by Eco 
RI/Apa I digestion of pIKF15neo (described below) , 
isolation of the 2.2 kb fragment, followed by ligation 

20 of this fragment between the Eco RI and Apa I sites in 
the pIK polylinker of the vector pRTD2 . 2 . These 
vectors encode a chimeric molecule containing the 
extracellular domain of human CD4 (F3 derivatives) or 
a single chain antibody against gp41 of HIV (F15 

25 derivatives) , respectively, fused to the cytoplasmic 

domain of the CD4 receptor (amino acids 372-395 of the 
mature CD4 chain) and the transmembrane domain of the 
CD3-complex associated-gene zeta (f) (amino acids 372- 
395 of the mature zeta chain) . Chimeric receptor 

30 cassettes encoding either the extracellular domains 
(residues 1-371 of the mature CD4 protein) of the 
human CD4 receptor (designated F3) or a single chain 
antibody to HIV gp41 derived from a human antibody 
(98.6) specific for the gp41 moiety of the HIV 

35 envelope protein (designated F15) were fused to the 
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CD3 f chain and cloned between the Eco RI and Apa I 
sites of pIKl.l described above. In the single-chain 
antibody, the variable domains of both the heavy and 
light chain genes were covalently linked via a peptide 
5 tether, to create an antigen binding site on a single 
molecule . 

A more detailed description of the 
construction of the chimeric receptors follows. 

10 Construction of CD4-zeta Chimeras 

Plasmid pGEM3zeta bears the human zeta cDNA 

^piQsman Pt. a!.. Proc. Natl. Acad . Sci. USA 85:9709- 

\ • ~ ■ ' ■ 

9713 (1988). The plasmid pBS.L3T4 bears the human CD4 
cDNA (Littman and Gettner, Nature 325 :453-455 (1987)). 

15 A Bam HI- Apa l restriction fragment (approximately 0.64 
kb) encompassing the entire human zeta chain coding 
sequence from residue 7 of the extracellular (EXT) 
domain, was excised from pGEM3zeta, and subcloned into 
the BamHI and Apa I restriction sites of the polylinker 

20 of pBluescript II SK (+) 9pSK is a phagemid based 
cloning vector from Stratagene (San Diego, CA) , 
generating pSK.zeta. Subsequently, a BamHI 
restriction fragment encompassing the entire CD4 
coding sequence (approximately 1.8 kb) was excised 

25 from pBS.L3T4, and subcloned into the BamHI site of 
pSK.zeta, generating pSK. CD4 . zeta . 

Single-stranded DNA was prepared from 
pSK.CD4.zeta (Stratagene pBluescript II protocol), and 
used as a template for oligonucleotide-mediated 

30 directional mutagenesis (Zoller and Smith, Nucleic 

Acids Res. 10:6487-6500 (1982)) in order to generate 
CD4-zeta chimeras with the desired junctions described 
below. CD4-zeta fusions l, 2, and 3 were subsequently 
sequenced vid me oanqer uiaeoxynu^ea^aL >- cnn ^ Ut 
35 (Sanger et ai., Proc. N ati. Acaa. oc,. -a ;D4bJ ™^°' 
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(1977) ) , excised as Eco RI- Apa l restriction fragments, 
and cloned into the poly linker of expression vector 
pIK.1.1 or pIK.l.l.Neo at identical sites. 

An EcoRI-BamHI restriction fragment 
5 (approximately 1.8 kb) encompassing the entire coding 
region of CD4 was excised from pSK.CD4.zeta, and 
subcloned between the EcpRI and Bal ll sites of the 
pIK.1.1 or pIK.l.l.Neo polylinker. 

The plasmid pUCR Neo G (Hudziak, et al. , Cell 
10 (1982) 31:137-146) carries the neomycin gene under the 
transcriptional control of the Rous Sarcoma virus 
(RSV) 3' LTR. The RSV-neo cassette was excised from 
PURCNeoG as a Hindi restriction fragment 
(approximately 2.3 kb) , and subcloned between the two 
15 Sspl sites of pIK.1.1, generating pIK.l.l.Neo. 

The CD4-zeta chimeric receptor F3 was 
constructed from the extracellular (EC) and 
cytoplasmic (CYT) domains of CD4 and zeta 
respectively. The transmembrane (TM) domain of this 
20 receptor was derived from CD4 . F3 retains the CD4 EXT 
domain comprising all four V domains (residues 1-371 
of the mature CD4 protein) , the TM domain of CD4 
(residues 372-395 of the mature CD4 chain) , and the 
CYT domain of zeta (residues 31-142 of the mature zeta 
25 chain) . 

Preparation of Single Chain Antibody-Zeta Chimeric 
Receptor 

Construction of expression vector encoding the heavy 
30 chain of human monoclonal antibody (mAb) 98.6: 

To direct the expression of the heavy chain 

of human mAb 98.6 (S. Zolla-Pazner, Proc. Natl. Acad. 

Sci. (1989) .86:1624-1628), the plasmid pIK . 98 . 6-7FL 

was constructed. A full length IgGl heavy chain cDNA 
35 was generated by reverse transcription of 5 fxq of 
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total RNA from the cell line SP-1/98.6 ( Zolla-Pazner , 
supra ) using oligo-dT as the primer, followed by PGR 
using oligonucleotide primers 17 and 2 (see below) . 
The 1.5 kb Eco RI to Bgl II fragment was cloned 
5 between the Eco RI and Bgl II sites of pIKl.l. To 
ensure that the heavy chain would be of the desired 
allotype, the Kas I-Bgl II fragment of the cDNA was 
replaced with a 0-94 kb Kas I - Bgl II fragment from 
PIK.C7I. PIK.C7I was constructed by the insertion of 
10 a cDNA coding for the constant region of IgGl heavy 
chain obtained by PCR using DNA from a human spleen 

~r\\T* 1 i / m ^T-i-t-^r-K Tnr Pain Alto. CA ) as 

WLflin -L. J. A-fJ- J- J ^ w w* * w ww** / — - f ' 

substrate and oligonucleotide primers 2 and 18 (see 
below), between the Eco RI and Bgl II sites of pIKl.l. 

15 

Construction of expression vector encoding the light 
chain of human monoclonal antibody (mAb) 98.6: 

To direct the expression of the light chain 
20 of mAb 98.6, the plasmid pIK.98.6*FL was constructed. 
A full length IgGl light chain cDNA was generated by 
reverse transcription of 5 ^g of total RNA from the 
cell line SP-1/98.6 using pdN 6 (Pharmacia/LKB) as the 
primer, followed by PCR with primers 19 and 20 (see 
25 below). The 0.78 fragment was then cut with Eco RI 
and Bgl II and cloned between the Eco RI and Bgl II 
sites of pIKl.l. 

Construction of expression vector encoding SAb derived 
30 from the heavy and light chains of mAb 98.6: 

a) Construction of pIK98 . 6-K/L/H : 

:o uirect rne expression c :. — nq ie-cridi: . 
35 antibody (SAb) form of mAb 98. b, pIK. 98 . t> - K / L / H was 
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constructed. The SAb expressed consists of the 
secretion leader sequence and amino acids 1-107 of the 
mature 98.6 mAb light chain variable (V L ) region fused 
to a 14 amino acid linker of the sequence 
5 GSTSGSGSSEGKG (L212, Betzyk et al. , J. Biol. Chem. 
(1990) 265:18615-18620), which in turn was fused to 
amino acid 1 of the mature 98.6 mAb heavy chain V H 
region. This was then fused at amino acid 113 to 
amino acid 234 of the IgGl heavy chain constant 

10 region, in order to delete the CHI domain of the IgGl 
heavy chain constant region for improved secretion. 
pIK. 98 . 6-K/L/H was constructed in three steps. 

First, deletion mutagenesis was performed to 
fuse amino acid 113 of the V H region of mAb 98.6 to 

15 amino acid 234 of the IgGl heavy chain, using the 

single stranded template form of PIK.98.6-7FL as the 
template and oligonucleotide 21 as primer (see below) . 
Correctly deleted plasmids were found using 
oligonucleotide 22 as a probe (see below) . This 

20 plasmid is referred to as pIK.H/Fc-int . To fuse amino 
acid 107 to the amino terminus of the linker peptide, 
the V L region of the mAb 98.6 light chain was generated 
by PCR using pIK . 98 . 6-*FL as substrate and 
oligonucleotides 23 and 24 as primers (see below) . 

25 This was done to place a Sal I site at the 3 • end of 
the V L sequence, without altering the amino acid 
sequence of the resulting protein. This fragment, 
together with oligonucleotides 25 and 26 (see below) 
was ligated between the EcoRI and Bgl II sites of 

30 pIKl.l, generating the plasmid pIK . K/L-int . 

In the final step, the 0.4 5 kb fragment of 
pIK. K/L-int was cloned between the Eco RI and Kpn I 
sites of pIK.H/Fc-int . , generating plasmid pIK.K/L/H- 
int. Single-stranded DNA from this plasmid was used 
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as template and oligonucleotide 27 was used as primer 
(see below) to fuse the carboxy-terminal amino acid 
of the linker to amino acid 1 of the V H region of mAb 
98.6 by deletion mutagenesis. Correctly deleted 
5 plasmids were found using oligonucleotide 28 as a 
probe (see below) . The resulting plasmid is 
pIK.98.6K/L/H. 

b) Construction of pIK.CD472: 

The plasmid pIK.CD4y2 was constructed to 
direct the expression of a fusion protein composed of 
the secretion leader and the first 180 amino acids of 
the mature CD4 antigen fused to amino acid 234 of the 
human IgG2 heavy chain constant region and thus 
containing part of the hinge and all of the CH2 and 
CH3 domains. This deletes the CHI domain of the IgG2 
heavy chain for improved secretion. pIK.CD472 was 
constructed by generating a fragment containing the Fc 
portion of the human IgG2 heavy chain by PCR using DNA 
from a human spleen cDNA library (Clontech) as 
substrate and oligonucleotides 3 and 4 as the primers. 
The 0.75 kb Nhe I to Bgl II fragment generated was 
ligated together with the 0.6 kb Eco RI to Nhe I 
fragment from pSKCD4 f between the Eco RI and Bgl II 
sites of pIKl.l. 

c) Construction of pIK.F5: 

30 The plasmids pIK.F7 was constructed to 

direct expression of several versions of CD4/IgG/zeta 
( f ) fusion proteins which all contain a human 
membrane-bound IgG membrane hinge domain (Tyler et al. 

. ±982 ? iTQC. Nat^. Acaa, ^c. - . - u 0 o - ^ ... „ . ~acr . 
3b protein to oe expressea contained amino acias i-iou oi 
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CD4 receptor, followed by amino acids 234-445 of human 
IgG2 heavy chain constant region, followed by the 18 
amino acid Ml membrane hinge domain of human IgG3 
(Bensmana and Lefranc, (1990) Immunoaenet ics 32:321- 
5 3 30) , followed by a transmembrane domain, followed by 
amino acids 31-142 of the human f chain. pIK.F7 
contains the transmembrane domain (amino acids 372- 
395) of CD4 . 

10 To construct this plasmid, the first step 

was cloning the human IgG3 Ml exon (Bensmana and 
Lefranc, supra ) . This was done by generating a 0.13 
kb Bam HI to Bgl II fragment containing the Ml exon by 
PGR using DNA from the human cell line W138 as 

15 substrate and oligonucleotides 7 and 8, and cloning it 
into the Bgl II site of pIK.CD472. The resulting 
plasmid is referred to as pIK. CH3/Ml-int . Single 
stranded DNA from this plasmid was used as template 
and oligonucleotide 9 was used as the primer to fuse 

20 amino acid 445 of human IgG2 to the first amino acid 
of the IgG3 membrane hinge domain by deletion 
mutagenesis. The fusion is designed to generate the 
sequence found at the natural junction between CH3 and 
Ml in membrane-bound IgG molecules. Correctly deleted 

25 clones were found using oligonucleotide 10 as a probe. 
The resulting plasmid is referred to as pIK. CD472/MI . 

PIK.CD472/MI was cut with Bgl II and blunted 
with T4 polymerase, then cut with Nhe I. The 
resulting 0.83 kb fragment was ligated together with 

30 the 1.3 kb Pvu II to Apa I fragment from pIK.F3 

between the Nhe I and Apa I sites of pIK.CD472 to 
generate the plasmid pIK.F7-int. Single stranded DNA 
from this plasmid was used as template and 
oligonucleotide 15 was used as the primer to fuse the 

35 last amino acid of the IgG3 Ml membrane hinge domain 
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to amino acid 372 of CD4 by deletion mutagenesis. 
Correctly deleted clones were found by using 
oligonucleotide 16 as a probe. The resulting plasmid 
is pIK.F7. 

5 The oligonucleotides used as primers and 

probes as described above were as follows: 

Oligonucleotides 





2 . 


CGGAGATCTCGTGCGACCGCGAGAGCC 




3 . 


GGAATTCGCTAGCTTTCCAGGAGCGCAAATGTTGTGTC 


10 


4 . 


CGGAGATCTC (A/G) CGCGACCCCGAGAGCC 




7 . 


CGGGATCCAGAGCTGCAACTGGAG 




8 , 






9 . 


TCTCCTCCAGTTGCAGCTCCGGAGACAGGGAGAGGC 




10. 


TTGCAGCTCCGGAGAC 


15 


15 • 


CAGCACAATCAGGGCCATGTCCAGCTCCCCGTCCTG 




16. 


AGGGCCATGTCCAGCT 




17 . 


CGGAATTCGGTACCTCCTGTGCAAGAAC 




18 . 


CGGAATTCGCCTCCACCAAGGGCCCA 




19 . 


CGGAATTCACGCGTCCCAGTCAGGACACAGC 


20 


20. 


GAGAGAGATCTGCTAGCGGTCAGGCTGGAACTGAG 




21. 


GCATGTGTGAGTTTTGTCTGAGGAGACGGTGACCAG 




22 . 


GTTTTGTCTGAGGAGA 




23 . 


GTGACAGTCGACCCCTTGAAGTCCACTTTGGT 




24 . 


CCACCCCTCACTCTGCTTCTC 


25 


25. 


TCGACCAGCGGCAGCGGCAAGAGCAGCGAGGGTAAGGGTACCA 




26 . 


GATCTGGTACCCTTACCCTCGCTGCTCTTGCCGCTGCCGCTGG 




27 . 


CTCCTGTAGTAGCACCTGACCCTTACCCTCGCTGCT 




28 . 


AGCACCTGACCCTTAC 



3 0 Construction of pIK.F15neo: 

To direct the expression of a fusion protein 
consisting of the K/L/H SAb form of mAb 98.6 linked at 

amino acid 445 of the TgGl heavy chain to the 18 amino 

acia iqGj M ... memorane ninqe, wnicn was ... : :,urr: : useu 
35 to the CD4 transmembrane domain (ammo acids j / 2 - J 9 d j 
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and f cytoplasmic domain (amino acids 31-142), 
pIK.F15neo was constructed by inserting the 1,5 kb Nsi 
I fragment of pIK. 98 . 6-K/L/H between the Nsi I sites 
of pIK.F7neo and a clone of the correct orientation 
5 was selected. 

Production of Retrovirus in mammalian cells 

Single or double genome KAT packaging 
plasmids, for example pIK6. IMMSVampac, plK6 . lMCVampac, 

10 or pIK6. lamenvATG and pIK6 . IgagpolATG (all described 
above) , together with KAT retroviral constructs, for 
example, but not limited to pRTD2.2F3, pRTD2 • 2SVGF3 , 
pRTD2 . 2SSAF3 , pRTD2 . 2SVGF3E- , pIKT2 . 2SVGF3 , pRTD2.2F15 
(as described above) , prepared as described above, are 

15 introduced into mammalian cells that can produce virus 
by standard means such as calcium phosphate 
cotransf ection (Wigler et al., Proc . Natl . Acad . Sci . 
USA 76:1373-1377 (1979)). Mammalian cells that can 
produce virus and that may be transfected by the KAT 

2 0 constructs of the invention include, but are not 

limited to, human embryonic kidney cells such as 293 
cells, tsa201 cells, mouse 3T3 mouse fibroblasts, M. 
dunni fibroblasts, and African green monkey kidney 
(COS) cells. Transfected cells are assayed for surface 

25 expression of the chimeric receptor by FACS to verify 
that DNA constructs have been successfully introduced. 

Viral supernatants are harvested using 
standard techniques such as filtration of supernatants 
48 hours post transf ection. The viral titer is 

30 determined by infection of 10 6 NIH 3T3 cells with an 
appropriate amount of viral supernatant, in the 
presence of 8 ng/ml polybrene (Sigma Chemical Co., St. 
Louis, MO) . 48 hours later, the transduction 
efficiency of the 3T3 cells is assayed by both FACS 

35 analysis and Southern blotting. 



WO 94/29438 




PCTyTJS94/06667 



High Efficiency Transduction of target cells 

In the method of the invention the KAT 
constructs of the invention are further used to 
transduce mammalian target cells with a foreign gene 
5 at high efficiency by cocultivation of KAT transfected 
cells with the mammalian target cells. In a preferred 
embodiment, desired virus producing cells, such as 293 
cells, are transfected with the appropriate KAT 
constructs, then 24 hours post transf ection , the 

10 transfected 293 cells are cocultivated for 48 hours 

with the purified mammalian target cells, such as CD8+ 
m cells* The target cells are harvested using 
standard procedures, expanded and tested for 
transduction efficiency, by well-known techniques such 

15 as flow cytometry or Fluorescence-activated Cell 

Sorter (FACS) analysis and Southern blot DNA analyses. 
Transduction efficiency is defined as the percentage 
of positive transduced cells as measured by FACS or 
Southern blot analysis compared to controls. 

2 0 Using the KAT constructs transfected into 

human 293 cells to produce virus, a from 5 to 50-fold 
increase in viral titer as determined by supernatant 
infection of established cell lines, such as 3T3 , is 
obtained, when compared to virus produced by the 

25 previously described COS transient virus production 
system (Landau and Litman, supra ) . In addition, 
primary human cells such as hematopoietic stem cells 
and human T cells, are transduced at levels 3 to 20 
fold greater by cocultivation with KAT plasmid 

30 transfected 293 cells, than traditional packaging 
lines such as PA317 (Miller and Buttimore, supra ) . 

While not wishing to be bound by any 
particular theory of the invention, it is believed 
mat tne man etticiencv transauction s: auman ^arqet 

35 cells obtained usmq the method of the invention is 
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mediated by cell-cell contact of the retrovirally 
infected human 293 cells with the target cells. The 
component of human 2 93 cells which effects high 
efficiency transduction of various target cells is 
5 expected to be a protein or lipid synthesized by the 
293 cells. To determine the active component of this 
system, the membrane proteins and lipids of 293 cells 
are purified using known procedures and the ability of 
various purified components is tested for its ability 

10 to effect the transduction efficiency of the target 

cells. Once the active component is identified it can 
be synthesized by recombinant DNA or chemical 
technique. These synthesized components may be 
incorporated into virus particles to enhance the 

15 transduction efficiency of supernatants . 

Suitable target cells are any mammalian 
cells of interest, and include, but are not limited to 
lymphocytes, particularly cytotoxic T cells, human 
hematopoietic stem cells, fibroblasts, epithelial 

20 cells, endothelial cells, myoblasts, retinal 

epithelial cells, islets of Langerhans, adrenal 
medulla cells, osteoblasts, osteoclasts, neurons, 
glial cells, ganglion cells, embryonic stem cells, and 
hepatocytes . 

25 The genes which may be introduced into the 

target cells include, but are not limited to genes 
encoding chimeric receptors for signal transduction in 
lymphocytes, such as those described in copending U.S. 
patent application Serial No. 988,194, filed December 

30 9 , 1992 , the disclosure of which is incorporated in 

its entirety herein by reference; growth factors, such 
as G-, M- and GM-colony stimulating factor (CSF) , 
epidermal growth factor, platelet derived growth 
factor, transforming growth factor (TGF) and stem cell 

35 growth factor (SCF) ; lymphokines such as the 
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inter leukins; hormones such as ACTH , somatomedin, 
insulin, angiotensin; and coagulation factors, such as 
Factor VIII and Factor IX; the Multidrug Resistance 
Drug (MDR) gene; human adenosine deaminase (ADA) ; 
5 glucose cerebrosidase; the normal /3-globin gene and 
erythopoietin (EPO) . 

The following examples are presented to 
illustrate the present invention and to assist one of 
ordinary skill in making and using the same. The 
10 examples are not intended in any way to otherwise 
limit the scope of the disclosure or the protection 
granted by Letters Patent hereon - 

EXAMPLE I 

15 

Transient Production of High Titer Recombinant 

Retrovirus 

Cell growth, transfection and infection of 
2 0 established cell lines 

Human embryonic kidney cells, designated 293 
cells (ATCC CRL 1573, ATCC, Rockville, MD) cells were 
grown in DMEM (JHR Biosciences, Lenexa, Kansas) , 1 g/1 
25 glucose, 10% Donor calf serum (Tissue Culture 

Biologies, Tulare, CA) and split 1:10 every 3 days. 
3T3 (ATCC CRL1573) cells were grown in DMEM (JHR 
Biosciences), 4.5 g/1 glucose, 10% Donor calf serum 
(Tissue Culture Biologies) and split 1:10 every 3 
30 days. COS (ATCC CRL1650) cells were grown in DME/F12 
(GIBCO, Grand Island, NY) , 10% fetal bovine serum 
(Tissue Culture Biologies, Tulare, CA) and split 1:10 
every 3 days. tsa201 cells, a derivative of 293s 
wmcn contain tne temperature sens ^ t ^ v- mutant - : 
35 SV40 T antiqen co-transt ectea with the neomycin 
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resistance gene (Heinzel et al. , J. Virol. 
62.(10) : 3738-3746 (1988)), were grown in DME/F12 
(GIBCO) , 10% fetal bovine serum (Tissue Culture 
Biologies) and split 1:10 every 3 days. 293 cells and 
5 tsa201 cells were plated lxlO 6 and 0.5xl0 6 cells per 10 
cm plate, respectively, 48 hours prior to 
transf ection. COS and 3T3 cells were plated at 0.5xl0 6 
cells per 10 cm plate 24 hours prior to transf ection . 
10 /xg of each plasmid, alone or in various 

10 combinations, was transf ected by calcium phosphate 
coprecipitation (Wigler et al. , supra ) for all cell 
types. 24 hours following transf ection , the media was 
changed. 2 4 hours later, viral supernatants were 
harvested and filtered through a 0.45 y.m filter and 

IS flash frozen on dry ice. 3T3 cells were plated at 
O.SxlO 6 cells per 10 cm plate 24 hours prior to 
infection. Infections were carried out in 5 ml of 
media containing viral supernatant and 8 ^g/ml 
polybrene (Sigma Chemical Co., St. Louis, MO). 24 

2 0 hours following infection, the media was changed to 
polybrene-free media and the cells were grown for an 
additional 24 hours . 



293 cell s produced high titer retrovirus following 

25 transient transf ection 

293 cells were assayed for their ability to 
transiently produce recombinant retrovirus upon 
cotransf ection with the either the KAT packaging 
plasmid (s) pIK6 . lMCVampac or pIK6 . lamenvATG and 

30 pIK6 . IgagpolATG, and the retroviral vectors pRTD2.2F3, 
pRTD2 . 2 SVGF3 , pRTD2 . 2 SSAF3 , pRTD2 . 2 SVGF3E— , 
pIKT2 . 2SVGF3 , and pRTD2.2F15, encoding the F3 or F15 
chimeric receptors, by harvesting viral supernatants 
48 hours post transf ection , followed by infection of 

35 mouse 3T3 cells, and FACs analysis 48 hours later. 
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For FACS analysis, infected 3T3 cells are 
removed from the culture dish in the absence of 
trypsin and are processed for FACS analysis after 
incubation in 40 mM Tris, pH 7.5, 150 mM NaCl, 1 mM 
5 EDTA . Cells are washed IX with phosphate buffered 

saline (PBS) plus 2% (FCS) fetal calf serum (Hyclone) , 
followed by incubation with the appropriate FITC- 
conjugated detection antibody in the presence of PBS 
plus 2% FCS at a density of lxl0 6 /xal for 30 minutes at 
10 40OC. The cells are washed 3X with PBS plus 2% FCS, 

and finally resuspended in 0.5 ml PBS and analyzed by 



^ 1 r\r.i r»Tri-nTnQ+"r\7 
a. xwn w j ww***-*— w ~- j 



The results of FACS analysis are shown in 
Figure 2. 293 cells cotransf ected pIK6.1ampac and 

15 pRTD2.2F3 express high levels of F3 on their surface 
(Figure 2B) , compared to mock (control) transfected 
cells (Figure 2A) . 3T3 cells infected with viral 
supernatants harvested from transfected 293 cells 
revealed two well separated peaks corresponding to 

20 uninfected and infected 3T3 cells (Figure 2D) , which 
was significantly different compared to the FACS 
profile of transfected 293 cells (Figure 2B) or mock 
infected 3T3 cells (Figure 2C) . 

Table 1 demonstrates that cotransf ect ion of 

25 KAT packaging plasraids and KAT retroviral constructs 
results in the production of high titer viral 
supernatants 48 hours following transf ection , as 
assayed by 3T3 infection and FACS analysis. 
Cotransf ection of pIK6 . lampac and pRTD2.2F3 yields 

30 viral supernatants that transduce 50% of the 10 6 3T3 
cells initially present at the time of infection. In 
contrast, virus produced by transient cotransf ection 
in COS cells, as described by Landau and Litman 
^anaau ana hitman, supra was . -ro^a .es^ -nai. 

35 titers described by cotransrection or KAi piasinias 
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into 293 cells. Virus production is highly 
reproducible in four transfection experiments, where 
duplicate 3T3 infections were carried out. In 
contrast, no detectable 3T3 infection is observed 
5 following transfection of the retroviral construct 
pRTD2.2F3 alone, demonstrating that viral production 
is dependant upon the presence of the packaging 
construct and the retroviral vector. High titer virus 
production is also dependant upon the presence of the 
10 retroviral construct. Transfection of pIKF3 expression 
vector alone, or cotransf ection of pIKF3 expression 
vector and pIK6 . IMMSVampac yields supernatants that 
fail to transduce 3T3 cells. 



15 
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Table 1 





Construct 


Packaging 
Function 


% 

Transfection 


% 3T3 
Transduction 


5 


PRTD2.2F3 




52 


0/0 




PRTD2.2F3 




55 


0/0 




pRTD2.2F3 


plK6.1MCVampa 
c 


80 


49/50 


10 


pn 1 UZ.zro 


piwo. i ml vampa 

C 




50/49 




PRTD2.2F3 


plK6.1 MCVampa 

o 


83 


47/43 




pRTD2.2F3 


plK6. 1 MCVampa 
c 


85 




15 


PRTD2.2F3 


p!K6.1gagpolATG 
plK6.1amenvATG 


78 


27/77 




PRTD2.2F3 


plK6.1gagpolATG 
,plK6.1 amenvAT 
G 


78 


25/26 


20 


plKF3 


* 


67 


0/0 




plKF3 




59 


0/0 




plKF3 


plK6.1 MCVampa 
c 


90 


0/0 


25 


plKF3 


plK6.1 MCVampa 
c 


90 


0/0 




pRTD2.2ssaF3 


plK6.1 MCVampa 
c 


78 


33/35 




pRTD2.2svgF3 


plK6.1 MCVampa 
c 


84 


44/39 


30 


pRTD2.2svge- 
F3 


plK6.1 MCVampa 
c 


81 


42/43 




PRTD2.2F15 


plK6.1 MCVampa 

c 


93 


70/70 






DirvD fvlC vampd 







3b [L 
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High titer virus can also be produced by 
cotransf ection of pIK6 . lamenvATG, pIK6 . IgagpolATG and 
pRTD2.2F3 (Table 1). Although the transf ection 
efficiency of the later plasmids was approximately 
5 equal to the transf ection efficiency of pIK6 . lMCVampac 
and pRTD2.2F3, virus production was reduced by a 
factor of 2 to 27%. Similar results have been 
described by Landau and Litman (Landau and Litman, 
supra) , where they observed a 5-fold decrease. The 

10 overall efficiency of the KAT system, using one or two 
genome packaging plasmids, is still 10 to 20-fold 
greater then that described for the COS cell system. 

The high 3T3 cell transduction efficiency 
observed by FACS analysis of viral supernatants 

15 produced following KAT plasmid transfection of 293 

cells was confirmed by Southern blotting of integrated 
proviral DNA from infected 3T3 cells. High 
molecular weight DNA was prepared 48 hours post 
infection and digestion of 10 fj.g of DNA with Eco RV. 

20 The samples were electrophoresed on a 0.8% agarose 

gel , transferred to Zetabind and probed with a 605 bp 
fragment encoding the zeta transmembrane and 
cytoplasmic domains. Eco RV digestion of the 
transf ected plasmid pRTD2.2F3 yielded a 4.2 kb band. 

25 Eco RV digestion of pRTD1.2F3, which contains MMLV 5' 
and 3' LTRs , yielded a 3.6 kb fragment. Following 
virus infection , integration and duplication of the 3 f 
LTR, Eco RV digestion should yield a 3.6 kb fragment. 
This allows determination of the presence of 

30 integrated proviral DNA in the target cells. Table 2 

gives the sizes of the expected bands from transfected 
plasmid DNA and integrated provirus following Eco RV 
digestion and hybridization to the zeta probe. 
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Table 2 





EcoRV Fragment Size (in Kb) 
Hybridizing to f Probe 


Retroviral Construct 


Transf ected 
Plasmid 


Integrated 
Provirus 


pRT.D 2.2F3 


4.20 


3 . 60 


pRT.D 2.2SSAF3 


3 .80 


3.20 


pRT.D 2.2SVGF3 


4.17 


3.57 


pRT.D 2.2SVGE-F3 


4.22 


3 . 61 


pRT.D 2.2F15 


4.47 


3 . 87 



10 



15 



20 



25 



30 



Genomic DNA prepared from infected 3T3s was 
digested with Eco RV and 10 nq of digested DNA from 
infected and control cells were electrophoresed on a 
0 . 8% agarose gel , transferred to Zetabind and probed 
with a 605 bp fragment encoding the £ transmembrane 
and cytoplasmic domains. Only the DNA derived from 
3T3 cells infected with supernatant s obtained 
following cotransf ection of 293 cells with pRTD2.2F3 
and pIKMCVampac yielded a 3.6 kb fragment (Figure 3A, 
lanes 4 and 5) , identical to the fragment seen in the 
Eco RV digested pRTD1.2F3 plasmid control lanes 
(Figure 3A, lanes 11-14 ) , indicative of integrated 
provirus- Quantitation of southern blots by scanning 
densitometry and comparison to plasmid standards 
representing 0.1 to 3.0 copies, in 3-fold increasing 
increments (Figure 3A, lanes 11-14) , was consistent 
with a transduction efficiency of with a transduction 



"he transduction efficiency v a : - 



ient:ca 
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efficiency observed by FACS analysis. The probe did 
not detect a band in DNA from 3T3 cells infected with 
supernatants derived from mock transfected 293 cells 
(lane 1), 293 cells transfected with pRTD2,2F3 alone 
5 (Figure 3A, lanes 2 and 3), transfected with the 

expression vector pIKF3 alone (Figure 3A, lanes 6 and 
7) or cotransf ected with pIK6 . lMCVampac and pIKF3 
(Figure 3A, lanes 8 and 9), which is also consistent 
with the FACS analysis. 
10 Three additional retroviral constructs, two 

which differed in the viral backbone, pRTD2.2SSAF3 
(Figure 3B, lane 4) , pRTD2*2SVGF3 (Figure 3B, lane 5), 
pRTD2.2SVGE-F3 (Figure 3B, lane 6), and one which 
differed in the chimeric receptor insert, pRTD2.2F15 
15 (Figure 3B, lanes 7 and 8), were cotransf ected into 

293 cells with pIK6 . lMCVampac , the supernatant used to 
infect 3T3 cells, followed by both FACS analysis 
(Table 1) and southern blotting (Figure 3B) . All of 
the F3 constructs showed similar titer by both FACS 
20 analysis (Table 1) and hybridized to the zeta probe 
with similar intensities, as expected. The F15 
retrovirus had approximately 50% greater titer as 
determined by FACS analysis (Table 1) , as well as by 
densitometric analysis of the Southern blots, 
25 Retrovirus as produced in 293 with each of the 

vectors, upon infection, yielded the correct size for 
the integrated provirus. Therefore, the FACS and 
Southern blotting results from 5 KAT retroviral 
constructs demonstrate that high titer retrovirus can 
30 be produced in 293 cells, that production was 

dependent upon cotransf ection of the retroviral 
construct and packaging functions, and production of 
high titer retroviral supernatants in 293 cells does 
not lead to any unusual rearrangements of the 
35 retroviral constructs. 
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Virus Production in Mammalian Cell Lines: 

Seven additional cell lines were screened 
for their ability to produce retrovirus by 
cotransf ection with KAT plasmids, followed by virus 
5 harvest and 3T3 infection (Table 3) . 

Table 3 



10 



20 



30 



Cell Type 


Packaging 
Construct 


Surface 
CD4% 


3T3 inf% 


Retro-F3 
Constr. 


293 


Mock 


1 


0/0 


Mock 


293 


plK6.1MCVampac 


88 


39/38 


PRTD2.2-F3 


293 


plK6.1 MCVampac 


88 


41/38 


PRTD2.2-F3 


COS 


Mock 


0 


ND 


Mock 


COS 


plK61MCVampac 


58 


12/14. 


PRTD2.2-F3 


COS 


plK6.1MCVampac 


58 


14/15 


PRTD2.2-F3 


143B 


Mock 


0 


ND 


Mock 


143B 


plK6.1MCVampac 


54 


1/1 . 


PRTD2.2-F3 


143B 


plK6.1 MCVampac 


50 


1/1 . 


PRTD2.2-F3 


HE LA 


Mock 


0 


ND 


Mock 


HELA 


plK6.1 MCVampac 


48 


0/0 


PRTD2.2-F3 


HELA 


plK6.1 MCVampac 


54 


0/0 


PRTD2.2-F3 


L929 


Mock 


0 


ND 


Mock 


L929 


plK6.1 MCVampac 


1 


0/0 


PRTD2.2-F3 


L929 


plK6.1 MCVampac 


1 


0/0 


PRTD2.2-F3 


3T3 


Mock 


0 


0/0 


Mock 


3T3 


plK6. 1 MCVampac 


39 


2/3. 


PRTD2.2-F3 


3T3 


plK6.1 MCVampac 


44 


4/3. 


PRTD2.2-F3 


CHO D- 


plK6.1 MCVampac 


0 


0/0 


pRTD2.2-F3 


CHO D- 


plK6.1 MCVampac 


0 


0/0 


pRTD2.2-F3 



CD4 surface express ion and virus product ion was absent 

: ram Ly2y ana CHO : rc^iowma corransrecricn o: 
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pIK6 . lMCVampac with pRTD2.2F3. However, these cell 
lines were highly transf ectable under conditions with 
a plasmid encoding the lac z gene was used. FACS 
analysis of transfected HELA, 143B, 3T3 and COS 
5 demonstrated high surface CD4 expression, with a 

transfection efficiency of approximately 50% for all 
four cell types. However, virus production among these 
cells was substantially different. HELA and 143B 
cells produced no virus at all, whereas 3T3 cells 

10 produced virus capable of 3% 3T3 transduction/ml of 

frozen supernatant. Cotransf ection of COS cells with 
KAT plasmids, even in the absence of DNA replication 
of the retroviral construct, produced virus with 
titers of 4.5-fold greater than that produced by 3T3 

15 cells. These titers, without plasmid replication of 
the viral vector construct, are 200 fold greater than 
those described by Landau and Litman (Landau and 
Litman, supra ) . This demonstrates that the KAT 
constructs are unique in their ability to produce 

20 retrovirus upon transfection of a wide variety of 

cells, without plasmid replication. Given the 100 fold 
increase that Landau and Litman observed with plasmid 
replication of the viral vector construct , 
transfection of KAT packaging function and retroviral 

25 vector plasmids that support plasmid replication, into 
hosts that support plasmid replication, could 
potentially further increase titer 10 to 100 fold and 
further increase the utility of KAT transfected cells 
to infect cell types that are currently difficult to 

30 infect. 
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EXAMPLE II 

High Efficiency Transduction of Human T Cells 

This example demonstrates the method of the 
5 invention in which 293 cells transfected with the KAT 
constructs are able to transduce primary , human target 
CD8+ T cells by cocult ivation with high efficiency. 

Construction of retroviral vectors and packaging 
10 plasmids 

KAT constructs were prepared as described 
above in Examnle T . 

A. 

Isolation and activation of human CD8+ T cells from 

15 peripheral blood 

Primary human CD8+ T cells were purified 
from the peripheral blood of healthy donors as 
follows : Peripheral blood mononucleocytes (PBMCs) 
were isolated from human blood by Ficoll-Hypaque 

20 density gradient centrif ugation . PBMCs were washed 
three times with D-PBSE/CMF (PBS containing ImM EDTA , 
Ca and Mg free) , resuspended at 5xl0 7 cells in 4 ml of 
D-PBSE/CMF containing 0.5% of human gamma globulins , 
and incubated at room temperature for at least 15 

2 5 minutes . After incubation , CD8+ T cells were purified 
from the PBMC cell suspension by positive panning. 
Specifically , the PBMC suspension was loaded into a 
pre-washed T-25 tissue culture flask coated with an 
antibody specific for the human CD8 receptor ( AIS CD8 

30 selection flask (Applied Immune Sciences, Santa Clara, 
CA) ) at a density of 5xl0 7 cells per 4 ml per T-25 
flask . Cells were incubated for one hour at room 
temperature , and the non- adherent cells removed by 
jentie pipemnq ana wasnina tne : . iasK :nree ^ me- 

3b with tine D-PBSE/CMF. The CD8+ i ceils were 
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simultaneously released from the flask and activated 
by adding 10 ml of T cell medium (see below for 
composition) containing 10 ng/ml 0KT3 (Ortho 
Pharmaceuticals, Raritan, NJ) and 10% IL2 (Pharmacia) . 
5 Cells were incubated with this media for 48 hours, 

harvested from the flask, and washed once with T cell 
medium, and finally resuspended in fresh T cell medium 
plus 10% IL2 at a density of 0 . 5-1 . 0xl0 6 /ml in 24 well 
plates . 



present at 2-3%) which cross-reacted with either the 
CD4-specific antibody used for detection of F3 surface 
expression, or the human Fc-specific antibody used to 
detect F15 surface expression, the enriched CD8 + T 

15 cell population was subjected to a further round of 
purification in which the contaminating cells were 
removed by negative panning, using AIS selection 
flasks described above, coated with either the anti- 
CD4 or anti-human Fc antibody. Specifically, the 

20 enriched CD8+ T cell population was incubated in the 
selection flask for one hour, and then non-adherent 
(i.e., highly purified CD8+ T cells) were removed. 
Cells were subsequently washed, and allowed to recover 
for 24 hours in the T cell medium plus 10% IL2 for 24 

25 hours. CD8+ T cells prepared in this manner were 
greater than 95% CD8+ and CD3+, and less than 0.5% 
CD4 + or FC+ , and were subsequently employed as targets 
for retroviral transduction. 

3 0 Retroviral transduction of CD8+ T cells by 
cocultivation or supernatant infection : 



plate, and then transfected with the appropriate 
construct after 48 hours as described above. 24 hours 
35 post transf ection, the transfection media was removed 



10 



In order to remove residual cells (usually 



293 cells were plated at lxlO 6 cells/6 well 



- 46 - 



WO 94/29438 




PCT/US94/06667 



and replaced with T cell growth media (see below for 
composition) . 

(a) Cocultivation: 2 to 4 hours later, 
O.SxlO 6 purified and activated human CD8+ T cells 
5 prepared as described above (usually at day 4 or 5 
post-purification/activation) were added per well 
containing the transfected 293 cells, and polybrene 
added at a final concentration of 2 fxg/ml. 24 hours 
after plating the 293 cells for the initial 

10 transfection, a second set of 293 cells were plated 
and transfected as described above, 2 4 hours after 
the initial cocultivation. T cells were removed from 
the first cocultivation and transferred to the second 
293 transfection plate for an additional 24 hours of 

15 cocultivation employed the same conditions. Similar 
conditions were employed for transduction of CD8+ T 
cells by cocultivation with either transiently 
transfected 3T3 cells, or the stable PA317 producer 
cell line 40.39 (see below). 

20 (b) Supernatant infection: O.SxlO 6 purified 

and activated human CD8 + T cells prepared as described 
above (usually at day 4 or 5 post- 
purification/activation) were incubated with 1 ml of 
fresh T cell medium (plus 10% IL2 and 2 ^ig/ral 

25 polybrene) together with 1 ml of viral supernatant 
obtained from the 293 transient transfection system 
described above, or from the stable PA317 producer 
cell line 40.39 (see below). After an 8 hour 
incubation period, 1.5 ml of medium was removed from 

30 each well, and replaced with 0.5 ml of fresh T cell 
medium together with 1.0 ml of viral supernatant 
(polybrene at 2 Mg/™1 and IL2 at 10%) . After a 12 
hour incubation period, the two step supernatant 
oroceaure was repeated. 
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For both cocultivation and supernatant 
infection, CD8+ T cells were allowed to recover for a 
24-28 hour period in fresh T cell medium plus 10% IL2 • 
Cells were then analyzed by flow cytometry for surface 
5 expression of either CD4 (for the CD4-f F3 receptor) 
or Fc for the F15 antibody- f receptor) in order to 
determine transduction efficiencies, T cells which 
were under cocultivation with transfected 293 cells 
were gently removed as a suspension from the 293 

10 monolayer. Both cocultivated and supernatant infected 
T cells were washed lx with phosphate buffered saline 
(PBS) plus 2% (FCS) fetal calf serum (Hyclone) . T 
cells were then incubated with the appropriate FITC- 
conjugated detection antibody in the presence of PBS 

15 plus 2% FCS at a density of lxl0 6 /ml for 30 minutes at 
40OC, washed 3x with PBS plus 2% FCS, and finally 
resuspended in 0.5 ml PBS and analyzed by flow 
cytometry. 

The transduced CD8+ T cell population was 
20 subsequently maintained in T cell medium (10% FCS, 

Hyclone; RPMI1640, CellGro; lOmM Hepes buffer (Gibco); 
1% Sodium pyruvate (Gibco) ; 1% non-essential amino 
acids (Gibco) ; 2mM glutamine (Gibco) ; 25 jzM 2- 
mercaptoethanol (Sigma) and 1% 
2 5 streptomycin/ penicillin) . T cells were periodically 
re-stimulated every 7 to 10 days by the addition of 
OKT3 at lOng/ml or by exposing the cells to 
immobilized OKT3 in a T-25 tissue culture flask at a 
density of l-2xl0 7 CD8+ T cells/10 ml T cell medium 
30 plus 10% IL2. Cells were incubated for 48 hours, 

washed lx with T cell medium, and resuspended in fresh 
medium plus 10% IL2 at 0 . 5-1 . 0xl0 6 /ml . 
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Analysis of CD8+ T cell Transduction : 

Transduction efficiency of primary human 
CD8 + T cells by retrovirus produced transiently using 
the KAT system was compared to retrovirus produced 
5 from a high-titer, stable producer clone derived from 
the amphotropic packaging line PA317 (Miller and 
Buttimore, supra) . The stable producer clone 
40. 39, which transduces the F3 chimeric receptor was 
isolated by transfection of the ecotropic packaging 

10 line gpe (Markowitz et al. supra) with pRTD4.2F3, 
followed by supernatant harvest 48 hours post 
transfection and infection PA317 in the presence of 8 
micrograms/ml of polybrene (Miller and Buttimore, 
supra) . Individual clones were obtained by limiting 

15 dilution and 50 were screened for virus production by 
isolation of viral mRNA from the media of clones, 
followed by dot blot hybridization using a 603 bp zeta 
chain probe. The clone that gave the strongest 
hybridization signal, clone 40.39, was assayed by 

20 limiting dilution infection of 10 6 NIH 3T3 cells 
followed by flow cytometry. 50 jxl of supernatant 
transduced 17% cells, equivalent to 340% or an average 
of 3.4 proviral copies/cell/ml. The transduction 
efficiency following a 48 hour cocultivation with 

25 primary human CD8+ T cells with 40.39 producer cells 
was l%-3% CD4 + (Table 4) . 

This result was compared to the transduction 
efficiency following the KAT transient-transf ect ion 
and cocultivation method of the invention, which was 

30 used to transduce the chimeric receptor F3 and F15 
into CD8+ T cells (Figure 4) . Four experiments were 
carried out in which CD8+ T cells were cocultivated on 
transfected 293 cells for 48 hours, followed by 
aarvest ana arowtn a: lor . • aav;- ana dnci.vsx^ 

3b or transduction etticiency by FACS as aescrioea anove . 
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The transduction efficiency of CD8 cells with both F3 
and F15 constructs varies between 8% and 38%, and 
appears to be highly donor dependent ♦ However, on 
average, this efficiency is 8 to 12-fold greater than 
5 the transduction efficiency obtained by cocultivation 
with the high-titer stable PA317 clones tested. In 
addition, the high transduction efficiency is not 
specific to F3 constructs because F15 constructs are 
transduced at similar efficiencies (Figure 4). This 

10 data demonstrates that CD8 T cells can be transduced 
at efficiencies that are at least 5 fold greater than 
or equal to any other published reports, and that 
generation of stable producers are not required, 
Supernatants from transduced T cells, 3 

15 weeks post-transduction , were tested in an extended 

S+L- assay (Miller et al., Mol. Cell. Biol. 5:431-437 
(1985)) and shown to be free of replication-competent 
retrovirus . 

2 0 High efficiency transduction is mediated by cell-cell 
contact 

In order to explore the mechanism of the 
high efficiency CD8 T cell transduction following 
transient transfection of KAT plasmids and 

25 cocultivation with CD8 + T cells, the transduction 
efficiency of CD8+ T cells using the following 
approaches was compared: (1) infection with 
supernatants derived from a high titer, stable PA317 
producer line, ( 2 ) cocultivation with a high titer, 

30 stable PA317 producer line (3 ) infection with 

supernatants derived from transient transfection of 
NIH 3T3 cells with pIK6 . IMMSVampac and pRTD4.2F3 (4)48 
hour cocultivation with NIH 3T3 cells following 
transient transfection with pIK6 . IMMSVampac and 

35 pRTD4.2F3 (5) infection with supernatants derived from 
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transient transfection of 293 cells with 
pIK6. lMCVampac and pRTD2.2F3 and (6) 48 hour 
cocultivation with 293 cells following transient 
transfection with pIK6 . lMCVampac and pRTD2.2F3 (Table 
5 4) . For each transient transfection experiment, 
duplicate plates of transfected cells were used to 
harvest media for supernatant infection of 3T3 cells 
and duplicate plates were used for cocultivation of 
CD8 T cells. The same approach was used for stable 
10 producers . 

Table 4 



15 



20 



Expt.# 


Pkg. Line 


Virus 
Production 
Method 


Infection 
Method 


3T3 titer 
Supernatant 


% T-cell 
Transduction 


1A 


PA317 


PA317, Stable 


Supernatant 


70% 


1 


1B 


PA317 


PA317, Stable 


co-cultivation 


ND 1 


3 


1C 


3T3 


KAT, Transient 


co-cultivation 


26% 


3 


1D 


293 


KAT, Transient 


co-cultivation 


14% 


10 


2A 


PA317 


PA317, Stable 


Supernatant 


30% 


1 


2B 


PA317 


PA317, Stable 


co-cultivation 


30% 


1 


2C 


293 


KAT, Transient 


Supernatant 


45% 


1 


2D 


293 


KAT, Transient 


co-cultivation 


45% 


14 



ND 1 = not determined 

Supernatant infection of CD8 + T cells was 1% , whether 
the virus was produced in 293 cells, 3T3 cells or a 
stable PA 3 17 producer (Table 4 , experiments 1A, 2 A and 
2C) . In contrast, cocultivation of CD8 T cells with 
293 cells cotransf ected with pIK6 . lMCVampac and 
pRTD2 . 2F3 , resulted in 10% to 14% CD8 T cell 

■■ 3 ] : c- ; ;j ; ; - t \ ■' ' T " ;j Vj ) (- ■ ' ■ ■■ X"L; C 1 :.. 7- f? + ' 

~ old areare: -nan a 1 ■ 'UDernatar* :. rrect 1.0ns 
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including supernatants produced by cotransfection of 
these plasmids into 293 cells. This demonstrates that 
cell-cell contact is responsible for high efficiency 
transduction of CD8+ T cells. In addition, the 
5 efficiency of KAT transfection followed by 
cocultivation is 1 to 3-fold greater than the 
transduction efficiency of cocultivation with a stable 
PA317 producer when 3T3 cells are used (compare IB and 
2B with 1C, table 4) and 5-10 fold greater when 293 

10 cells are used. This data confirms that 293 cells have 
unique properties that support high efficiency 
transduction of mammalian cells. 

While not wishing to be limited to any 
particular theory of the invention, these results 

15 suggest that high titer virus production into the 

culture media is not sufficient for efficient T cell 
transduction and that the high efficiency transduction 
observed is mediated by cell-cell contact of 293 cells 
and CD8+ T cells, resulting in up to ten-fold greater 

20 efficiencies. 

The results presented in this example 
demonstrate that, in the absence of selection, 10-40% 
of the CD8+ T cells were virally transduced, a 
significantly greater transduction frequency compared 

25 to prior results. 

EXAMPLE III 

Transduction of Primary Human Hematopoietic Stem Cells 

3 0 This example describes the use of the KAT 

constructs and method of the invention to transduce 
primary human CD34+ bone marrow stem cells. 

35 



- 52 - 



WO 94/29438 M M PCT/US94/06667 



Preparation of Bone Marrow Cells 

Human bone marrow was obtained from healthy 
volunteers. It was first fractionated into a 
mononuclear cell fraction over a Ficoll gradient 
5 (Pharmacia, Piscataway, NJ) . The CD34+ cells are 
isolated using positive selection on a CellPro 
CEPTRATE LC^ affinity column (CellPro, Bothell, WA) . 
Post-purification FACS analysis provided a population 
of approximately 90% CD34+ cells. This population of 

10 cells was then plated in 24 well plates at a density 
of 5xl0 5 cells/ml in Myeloid Long Term Culture Medium 
supplied as a complete medium from Terry Fox Labs, 
(Vancouver, Canada) in the presence of 100 ng/ml human 
Stem Cell Factor (hSCF) (R&D Systems, Minneapolis, MN) 

15 50 ng/ml hIL-3, and 10 ng/ml hIL-6 for 48 hours. 

Transducti on of CD34+ bone marrow stem cells 

293 cells were transfected by first plating 
at a density of lxlO 6 cells/6 well plate 48 hours prior 

20 to transfection, followed by transfection with 10 fig 
each of pRTD2.2F3 and pIK6 . lMCVampac . Twenty-four 
hours later, transfection media was removed, replaced 
with T cell growth media, as described in Example II, 
plus 50 ng/ml hIL-3 , 100 ng/ml hSCF, and 10 ng/ml hlL- 

25 6. Two to four hours later, the transfected 293 cells 
were cocultivated with 5xl0 5 purified CD34+ cells/well 
in the presence of 8 ng/ml polybrene. After 48 hours, 
the cells were collected off of the 293 monolayer, and 
replated in Myeloid Long Term Media with growth 

*0 factors as described above. Cultures were replenished 
with media plus growth factors daily via demi- 
depopulation. Four days later, the media was 
replenished and G-CSF was added at 2 ng/ml plus 20 
. iq/m^ riSCr uromote a.rrerentiatior, .ntc 

li > granulocytes. Four no sxx days later, cells were 
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analyzed for surface expression of human CD4 from the 
transduced gene and CD15, a granulocyte marker. In 
addition, DNA was prepared for Southern blot analysis. 
Figure 5 shows the FACS analysis of the 
5 transduced hematopoietic stem/progenitor cells after 
14 days of growth and differentiation into 
granulocytes. Panel A shows the forward and side 
scatter gates used in the analysis of all cell 
populations in the Figure, In panel B are shown the 

10 untransduced cells stained with the isotype control 
antibodies (FITC and PE) . In panel C are shown the 
untransduced cells stained with antibodies for human 
CD4 (transduced gene, y axis) and CD15 (granulocyte 
differentiation marker, x axis) . In panel D, KAT 

15 packaging system was used in conjunction with 293 cell 
co-cultivation to transduce the hematopoietic 
stem/progenitor cells. A comparison of the top right 
quadrant for panels C and D indicate that 5-6% of the 
transduced cells expressed the CD4 protein. 

20 

Southern blot analysis of transduction efficiency 

Southern blot analysis was carried out to 
determine whether the hematopoietic stem/progenitor 
cells were infected by retrovirus produced with the 

25 KAT system. Genomic DNA was prepared from 

differentiated stem cells and digested with Eco RV. 
10 m<3 of DNA from infected (Figure 6, lane 2) and 
control cells (Figure 6, lane 1), as well as Eco RV- 
digested plasmid DNA equivalent to 0.12, 0.6, 1.2 and 

30 6.0 copies per diploid genome of pRTD1.2F3 (Figure 6, 
lanes 4-7) and 5 copies per diploid genome of 
pRTD2.2F3 (Figure 6, lane 8) were electrophoresed on a 
0,8% agarose gel, transferred to Zetabind and probed 
with a 605 bp fragment encoding the zeta transmembrane 

35 and cytoplasmic domains. Eco RV digestion of the 
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transfected plasmid pRTD2 . 2 yields a 4.2 kb band 
(Figure 6, lane 8), Eco RV digestion of pRTD1.2, which 
contains MMLV 5' and 3' LTRs, yields a 3.6 kb fragment 
(Figure 6, lanes 4-7) . Following virus infection, 
5 integration and duplication of the 3 1 LTR, Eco RV 

digestion should yield a 3,6 kb fragment. In infected 
CD34 + cells, the probe hybridized to the appropriate 
3.6 kb band, corresponding to integrated provirus 
(Figure 6, lane 7) . Control cells lacked a proviral 

10 band, however the probe hybridized to bands that 
corresponded to the endogenous zeta gene sequences 
(Figure 6, lane 8 ) Scanning densitometry was used to 
quant itate transduction efficiency and demonstrated 
that the average proviral copy number per cell in 

15 infected cells was 0-5 (50% transduction). In 
addition, densitometry of the endogenous bands 
confirmed that equal amounts of DNA were loaded in the 
lanes corresponding to infected and uninfected cells. 
In a second experiment, the transduction 

2 0 efficiency of a high titer PA317 producer clone was 
compared to the transduction efficiency of virus 
produced by the KAT system. 293 cells were transient 
cotransf ection with pIK6 . lMCVampac and 
pRTD2 . 2F3 , isolation of CD34 + cells, cocultivation , 

25 purification of infected cells was carried out as 
described above. Clone 40.39, described above in 
Example II, was plated at 5x105 cells/6 well plate 24 
hours prior to initiation of cocultivation with CD34+ 
cells. Isolation of CD34 + cells, cocultivation, 

30 purification of infected cells was carried out as 

described for 293 cells. Transduction efficiency was 
analyzed by southern blotting of Eco RV digested DNA 
as described above and is shown in Figure 7. The band 
oresenr i:\ DNA ^soiatea rrom JDj>h~ jocu^ivatea 

35 with KAT plasmids nybr ldized to a j . b kd Dana (Figure 
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7, lane 2), identical in size to Eco RV digested 
plasmid DNA (Figure 7, lanes 4-7) and corresponding to 
integrated provirus. Hybridizing bands were absent 
from DNA isolated from CD34+ cells cocultivated with 
5 either mock transfected 293 (Figure 7, lane 1) cells 
or 40.39 cells (Figure 7, lane 3). The plasmid 
standards ranged from 0.3 to 10 copies of integrated 
provirus per cell. Therefore, the absence of a band in 
the PA317 lane suggests that KAT transduction is at 

10 least 10-fold more efficient. 

Although FACS analysis of surface expression 
of the transduced gene indicates only a 5-6% 
efficiency of transduction, Southern analysis 
indicates a much higher efficiency of transduction 

15 (50-100%) . It is possible that the level of expression 
of the human CD4 protein is below the level of 
detection of the FACS analysis, alternatively, the 
gene may be present but not efficiently expressed. 
Modifications to the constructs could be made to 

20 increase the level of expression. The high efficiency 
of transduction of human hematopoietic stem/progenitor 
cells via the KAT packaging system in conjunction with 
293 cell co-cultivation is contrasted to the 
transduction efficiencies obtained using traditional 

25 mouse fibroblast packaging systems such as PA317, 
Figure 7. The data from the PA317 packaging line 
indicates that although high titer virus can be 
generated when transducing mouse cells, the 
transduction efficiency of human bone marrow 

30 stem/progenitor cells is poor. 

These results demonstrate, that, in addition 
to rapid production of high titer viral supernatants , 
the KAT constructs can be used to transduce at high 
efficiencies target cells, such as human T cells and 



- 56 - 



WO 94/29438 



PCT/LS94/06667 



hematopoietic cells, that are refractory to 
transduction by conventional methods . 

EXAMPLE IV 

5 Production of High Titer Virus in Human Cells with 

PIKT 

Retroviral Vectors and High Efficiency Transduction 

Ql 

Human CD34 + Hematopoietic Cells 

10 

This example describes the use of the novel 
retroviral vectors of the invention to obtain high 
titer virus in a human cell line and the use of that 
virus to obtain high efficiency transduction in 

15 primary human hematopoeitic stem cells. 

The packaging vector pIK6 . IMCVampac UTA 
described above and the retroviral vector pIKT2 . 2SVGe- 
F3 were transiently co-transfected (as described 
above) into human tsa54 cells as described above . 

20 tsa54 cells were derived from 29 3 cells by the 

transfection of the Large SV40 T antigen (Heinzel et 
al., J. of Virol. 62 ( 10) : 3738-3746 (1988)). 
pIKT2 • 2SVGe-F3 differs from pRTD2.2F3 in that the 
plasmid backbond contains the SV40 origin of 

25 replication as described above* This results in high 
copy number plasmid replication in tsa54 cells 
containing the SV40 t-antigen. tsa54 cells were 
trans feet ed , viral super nat ants were harvested and 
used to infect 3T3 cells as described above. 38% CD4 

30 positive cells/100 jxl frozen viral supernatant 
equivalent to 7xl0 6 /ml . 

The pIKT vectors were used to produce 
retrovirus in tsa54 cells as described above and used 
-■w cransauct or xmar . aumai. ^^J4- none marrow ^ten: 

35 cens oy co-cultivation, Ihe Done marrow stem cens 
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were purified and transduced with the pIKT2 . 2SVGe-F3 
as described above in Example III with the following 
changes. tsa54 cells were transfected at a density of 
5xl0 5 cells/ 6 well plate. The media used to replace the 
5 transfection media was IMDM + 10% FBS (fetal bovine 
serum) . CD34+ cells were removed following two days 
co-cultivation with virus-producing tsa54 cells and 
cultured in Meloid Long Term Media with growth 
factors. Eight to ten days later G-CSF was added at 2 

10 ng/ml plus 10 ng/ml hSCF to promote differentiation. 
Cells were analyzed for surface expression of human 
CD4 six to eight days later. 

Figure 8 shows the results of FACS analysis 
of the transduced hematopoietic stem/progenitor cells 

15 after 18 days of growth and differentiation into 
granulocytes. Panel A shows the forward and side 
scatter gates used in the analysis of all cell 
populations in the Figure. In panel B are shown the 
untransduced cells stained with the isotype control 

20 antibodies (FITC and PE) . In panel C are shown the 
untransduced cells stained with antibodies for human 
CD4 (transduced gene, y axis) and CD15 (granulocyte 
differentiation marker, x axis) . In panel D a PA317 
clone (78.81), with a titer equivalent to 107 neor CFU 

25 clones/ml on 3T3 plates, was used as a stable viral 
producer in a co-cultivation with the hematopoietic 
stem cells. In panel E, KAT packaging retroviral 
vectors were used in conjunction with 293 cell co- 
cultivation to transduce the hematopoietic 

30 stem/progenitor cells. A comparison of the top right 
quadrant for panels C and D, and C and E indicates 
that 1.7% of the PA317 transduced cells expressed the 
CD4 protein as compared to 24% of those transduced 
using the KAT constructs. 
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EXAMPLE V 

Production of a Single Vector 293 or tsa54 
Stable Packaging Clone 
This example describes the production and 
5 use of a single vector packaging clone. Human 29 3 or 
tsa54 cells were plated at 5xl0 5 per 10 cm plate in 
DME (JRH Biosciences, Lenexa, Kansas) , 1 g/1 glucose, 
10% Donor calf serum (Tissue Culture Biologies, 
Tulare, CA) 48 hours prior to transf ection. 10 jig MCV 
10 ampac UTA and 0.1 /xg MCI neo (Thomas and Capecchi Cell 
51:503-512 (1987)) were cotransf ected by calcium 
phosphate precipitation (Wigler et al. Cell 16:777 
(1979)). Clones could were also generated as 
efficiently by co-electroporation of the vectors 
15 (Shigekawa and Dower Biotechniques 6(8):742-751 

(1988)). 18 hours post-transf ection the media was 
changed. 24 hrs . later the cells were split to 
duplicate plates of 1:10, 1:20 and 1:50 in media plus 
1 mg/ml G418 (Geneticin, GIBCO, Grand Island, NY) . 
2 0 Media was changed every 3 days for 14 days. Clones 

were picked to 24 well plates and grown to confluence. 
Media was collected from wells, filtered through a .45 
Mm filter and flash frozen on dry ice. Cells were 
resuspended in media plus 10% DMSO (Sigma Chemical 
25 Co., St. Louis, MO), frozen on dry ice and stored at - 
70° C . Supernatants were assayed for production of 
empty viral particles using an assay for reverse 
transcriptase which measures the incorporation of 
radiolabeled thymidine into an RNA template. (Goff et 
30 al. J. of Virol. 38:239-248 (1981)). 

Clones with the strongest reverse 
transcriptase signals following autoradiography were 
thawed, grown up and tested for virus production 

~ ~ ^ * v: diibieru ; iiiol c^i. _ . dnsieL^.jnb .vert 

aone a^> previously aescrioea, usiny ±, u M-y ^-.jPGKFj. 
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Media was changed 18 hours post-transf ection . After 
2 4 hours the viral supernatants were collected, 
f i ltered through .45 iim f i Iters and f lash frozen on 
dry ice. Viral supernatants were assayed on 3T3 cells 
5 plated at 5xl0 5 per 10 cm plate 24 hours prior to 

infection. Infections were done as described above. 
Cells were then harvested, stained with OKT4A anti-CD4 
monoclonal antibody (Ortho Diagnostic Systems Inc., 
Raritan, NJ) , and analyzed by flow cytometry as 
10 described above. Clones displayed varying amounts of 
packaging function. Those clones with the highest 
transient titer were selected for further 
characterization (Table 5) . 

Table 5 



20 



30 



CELLS / CLONE # 


VECTORS 


Transduction 
Efficiency (% CD4+ 
3T3 Cells) 


tsa54 


none 


1.02 


tsa54/107.14 


ampac + 4 3.2 


2.53 


tsa54/107 . 17 


ampac + 4 3.2 


0. 67 


tsa54/107 . 18 


ampac + 4 3.2 


29 . 76 


tsa54/107 .22 


ampac + 4 3.2 


1.76 


tsa54/107 .24 


ampac + 4 3.2 


6.47 


tsa54/107.25 


ampac + 43.2 


0.61 


tsa54/107 .26 


ampac + 4 3.2 


1.70 


tsa54/107.49 


ampac + 4 3.2 


0.89 


tsa54/107.57 


ampac + 4 3.2 


1. 12 


tsa54/107.73 


ampac + 4 3.2 


1.33 


tsa54/107.75 


ampac + 4 3.2 


13 . 18 


tsa54/107 . 142 


ampac + 4 3.2 


0 . 98 


293/90. 74 


ampac + 4 3.2 


24.80 


293/90. 85 


ampac + 4 3.2 


15 . 06 



35 
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Clones 90.74, 107.75, and 107.18 were 
carried for extended time in culture to study ability 
to maintain the packaging genome over time in the 
presence or absence of G418. Cells were split 1:10 to 
5 1:20 every 3 to 4 days. At passages l, 6 and 12 cells 
were transfected with 10 43.2 as described above, 
and transient viral supernatants were analyzed by 
infection of 3T3 cells as described above. Of the 
three clones studied, only one (90.74) appeared to 

10 have consistent titer over 12 passages (Table 6) . It 
also appeared that titer did not depend on continued 
G418 selection. Clone 90.74 has a transient titer 
equivalent to approximately 107/ml. Clone 90.74 has 
been deposited with the ATCC, 12301 Parklawn Drive, 

15 Rockville, Maryland, under the Budapest Treaty, and 
has there been identified as follows: 

Cell Line ATCC Accession No. Deposit Date 

90.74 June 10, 1994 

20 

Table 6 

tsa AMPAC STABILITY TEST 
Transduction Efficiency 
(% CD4+ 3T3 Cells/0.25 ml supernatant) 



25 



30 



CLONE 


VECTORS 


Pi 


P 6 


pl2 


tsa 


none 


0. 10 




1.20 


tsa 


Ampac 


0. 10 




4 . 06 


tsa 


Ampac+4 3 . 2 


63 .90 


30 . 97 


66. 94 


107 . 18+G418 


Ainpac+43 . 2 


41 . 50 


22 . 35 


22 . 68 


107 . 18 


Ampac+4 3 . 2 




23 . 50 


26.22 


107 . 75+G418 


Ampac+4 3 . 2 


15 .42 


12 . 18 


4 . 36 


107 .75 


Ampac+4 3 . 2 




11. 17 


2 . 05 


9 n . ~> 4 ~ G 4 1 P 


Amp a c ^ 4 " . ? 








- C . 7 4 


Ampac + 4 3 . 




,8 . 4 
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Supernatants were also analyzed for 
production of RCR by a S+/L-assay on PG4 cells. PG4 
cells are Moloney sarcoma virus-transformed cells from 
cat brain (ATCC CRL2032) . When infected with 
5 competent murine retrovirus, PG4 cells produce 
discernable foci which can be distinguished 
microscopically (Haapala, et al. J. of Virol . . 
53 (3) :827-833) . PG4 cells were seeded at 5xl0 6 on 10 
cm plates 24 hours prior to infection. Infections 

10 were done with 1 ml of test supernatant and 4 mis of 
media containing 8 M9/ml polybrene. Media was changed 
24 hours later, and then replaced every 2-3 days until 
foci developed on positive control plates. All clones 
studied remained RCR-free through 12 passages. 

15 Unexpectedly, these results demonstrate that 

using the retroviral vectors of the invention, stably 
transfected 293-derived cell lines that produce gag, 
pol and env proteins were generated. The virus 
production from these cell lines was equivalent to 

20 that produced from transient co-transf ection of 
packaging and retrovirus vectors. Moreover, 
surprisingly, in the absence of drug selection, these 
cell lines maintained production of gag, pol and env 
proteins. Previous attempts to generate 293-based 

25 retroviral producers using retrovirus constructs 

described in the literature have failed (Pear et al. 
Proc. Nat'l. Acad. Sci. (USA) 90:8392-8396 (1993)). 
After extended passage in culture these packaging cell 
lines do not spontaneously generate replication 

3 0 competent retrovirus. 
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EXAMPLE VI 

Production of Double Genome Stable Packaging Cells 
This example describes the construction and 
use of two genomes in 293 or tsA54 packaging cells. 
5 First a gag/pol clone was created in human tsa54 
cells. Cells at lxlO 6 per 0.8 ml of PBS were co- 
electroporated with 15 nq notJ linearized gag/pol ATG 
(described above) and 1 /xg MCI neo. Electroporation 
was done at 960 and 260 mV (Shigekawa and Dower, 

10 (1988) supra ) on a Gene Pulser (Biorad, Richmond, CA) . 
Cells were immediately plated on a 10cm plate in DME , 
1 g/1 glucose, 10% donor calf serum for 48 hours. 
Cells were then split 1:5, 1:10, 1:20 and 1:50 in 1.0 
mg/ml G418 selection. Media was changed every 3 days, 

15 and after 12 days of selection in G418 clones were 

picked to 24 well plates. Once cells were confluent, 
media was collected, filtered through a 0.45 ^Mm filter 
and flash frozen on dry ice. Clones were trypsinized 
and frozen at -70° C. Supernatant was thawed and 

20 analyzed for reverse transcriptase activity (Goff et 
al., (1981) supra) . Those clones displaying the 
highest RT activity were grown up and evaluated for 
transient virus production by calcium phosphate 
transfection of 5 pIK6 . IMCVamenvATGUTA described 

25 above and 10 jig pRT43.2F3 described above. Media was 
changed after 18 hours, and after an additional 24 
hours the viral supernatants were collected, filtered 
and frozen for analysis by infection of 3T3s. 
Transient virus titers were comparable to the 

30 transient virus titer of the single genome pack line 
90.74 transfected with pRT43.2F3. and approximately 
50% of the viral titer following co-transf ection of 
tsA54 cells with pIK6 . lMCVampacUTA and pRT43.2F3 
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Table 7 
GAG/ POL TRANSIENT TEST 



15 



CLONE 


VECTORS 


Transduction 
ciiicxoiicy \^ wU4t 
3T3 Cells) 


tsa 




0. 02 


293/90-74 


ampac + 4 3.2 


28.50 


tsa54/lll. 3 


gag/pol + 43.2 


11.72 


tsa54/111.8 


gag/pol +43.2 


13 .30 


tsa54/111.44 


gag/pol + 43.2 


20.29 


tsa54/111.89 


gag/pol + 4 3.2 


17.93 


tsa54/lll. 4 


gag/pol + 43.2 


32 . 95 


tsa54/lll. 47 


gag/pol + 43.2 


19.53 


tsa54/111.25 


gag/pol + 43.2 


21. 18 


tsa54/lll. 45 


gag/pol +43.2 


14 .22 


tsa54/111.43 


gag/pol + 43.2 


23 .75 


tsa54/lll. 22 


gag/pol + 43.2 


24 .27 



20 

The four best clones were selected for long 
term stability studies with and without G418 
selection. They were also assayed on PG4 cells for 
the production of RCR and are RCR negative. 

25 Clone 111.4 is co-transf ected with 

pIK6 . lMCVamenvATGUTA and sv2his (Hartman and Mulligan, 
Proc. Nat'l. Acad. Sci. (USA) 85:8047-8051 (1988)) 
selected in histinol as described. Clones are picked 
and characterized for virus production by transient 

30 transient transfection as described above. Several 

high titer clones are characterized for stability and 
RCR as described. 
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Packaging lines can be created by replacing 
the amphotropic env gene in pIK6 . IMCVamenvATGUTA with 
other retroviral envelopes, for example, ecotropic, 
xenotropic, polytropic, MLV, 10A1, Gibbon ape leukemia 
5 virus, feline leukemia virus C, Vesicular stomatitus 
virus (VSV) G protein, human T cell Leukemia (HTLV) I 
and II, and combinations thereof, using the methods 
described above. 

All publications and patent applications 
10 cited in this specification are herein incorporated by 
reference in their entirety as if each individual 
publication or patent application were specifically 
and individually indicated to be incorporated by 
reference . 

15 As will be apparent to those skilled in the 

art to which the invention pertains, the present 
invention may be embodied in forms other than those 
specifically disclosed above, for example to transfect 
and transduce other mammalian cell types, without 

20 departing from the spirit or essential characteristics 
of the invention. The particular embodiments of the 
invention described above, are, therefore, to be 
considered as illustrative and not restrictive. The 
scope of the present invention is as set forth in the 

25 appended claims rather than being limited to the 
examples contained in the foregoing description. 
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WHAT IS CLAIMED IS ; 

1. A method for transducing , with high 
efficiency, mammalian target cells with foreign genes, 
5 said method comprising: 



population of mammalian cells that can produce virus 
with: 



plasmid comprising at least one retroviral helper DNA 
sequence derived from a replication-incompetent 
retroviral genome encoding in trans all virion 
proteins required for packaging a replication- 

15 incompetent retroviral vector and for producing virion 
proteins capable of packaging said replication- 
incompetent retroviral vector at high titer, without 
the production of replication-competent helper virus, 
said retroviral helper DNA sequence lacking the region 

2 0 encoding the native enhancer and/or promoter of the 
viral 5' LTR of said virus and lacking both the psi 
function sequence responsible for packaging helper 
genome and the 3' LTR, and encoding a foreign enhancer 
and/or promoter functional in a selected mammalian 

25 cell, and a SV40 polyadeny lat ion site; and 

(ii) a retroviral vector encoding a foreign 
gene to produce replication-defective recombinant 
retroviral vectors carrying said foreign gene in said 
30 first population of mammalian cells; and 

B) cocultivation of said first population of 
mammalian cells producing replication-defective 
recombinant retroviral vectors carrying said foreign 

35 



A) transient cotransf ection of a first 



10 



(i) at least one retroviral packaging 
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gene with a second population of mammalian target 
cells, 

to transduce said second population of target cells 
with said foreign gene, 

whereby target cells efficiently transduced with 
said foreign gene are obtained. 

2. The method of Claim 1, wherein said target 
cells are selected from the group consisting of 
lymphocytes, human hematopoietic stem cells, 
fibroblasts, epithelial cells, endothelial cells, 
myoblasts, retinal epithelial cells, islets of 
Langerhans, adrenal medulla cells, osteoblasts, 
osteoclasts, neurons, glial cells, ganglion cells, 
embryonic stem cells, and hepatocytes. 

3. The method of Claim 1, wherein said second 
population of mammalian target cells are human. 

4. The method of Claim 3 wherein said human 
target cells are lymphocytes. 

5. The method of Claim 4, wherein said 
lymphocytes are T cells. 

25 

6. The method of Claim 5, wherein said T cells 
are cytotoxic T cells . 

7. The method of Claim 4 wherein said 

30 lymphocytes are selected from the group consisting of 
CD8 positive cytotoxic T cells, CD4 positive T cells 
and tumor-infiltrating lymphocytes . 



10 



15 



35 
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8. The method of Claim 1, wherein said second 
population of mammalian target cells are human 
hematopoietic stem cells. 



5 



9 . 



The method of Claim 1, wherein said first 



population of mammalian cells are human embryonic 
kidney cells, 

10. The method of Claim 9, wherein said human 
10 embryonic kidney cells are 293 (ATCC No. CRL1573) 

cells . 

11 . Retroviral packaging plasmid 

pIK6 • IMMSVampac, having the structure shown in Figure 
15 1, ATCC No. 75484. 

12. Retroviral packaging plasmid pIK6 . lMCVampac , 
having the structure shown in Figure 1, ATCC No. 
75483 . 



13 . Retroviral packaging plasmid 
pIK6 . IgagpolATG, having the structure shown in Figure 
1, ATCC No. 75486. 



having the structure shown in Figure 1, ATCC No. 75485. 

15 . The method of Claim 1 , wherein said 
retroviral packaging plasmid is the retroviral 

30 packaging plasmid of Claim 11, 12, 13 or 14. 

16 . The method of Claim 1 , wherein said 
retroviral genome is a leukemia viral genome selected 
from the group consisting of MMLV, HIV and GALV 

35 viruses. 



20 



25 



14 . Retroviral packaging plasmid pIK6 . lamenvATG, 
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17. The method of Claim 16, wherein said foreign 
enhancer is the human CMV immediate early enhancer and 
said promoter is the native MMLV promoter. 

5 18. The method of Claim 16, wherein said foreign 

enhancer and promoter is the human CMV immediate early 
enhancer and promoter. 

19. The method of Claim 16, wherein said foreign 
10 enhancer and promoter is the MMSV enhancer and 
promoter . 



20. The method of Claim 1, wherein said 
retroviral packaging plasmid comprises two retroviral 
15 helper DNA sequences. 



21- The method of Claim 20, wherein a first 
helper sequence codes for ecotropic MMLV gag and pol 
proteins and a second helper sequence codes for env 

20 proteins selected from the group consisting of 

xenotrophic, amphotrophic , ecotrophic, polytropic, 
10A1 murine leukemia virus, GALV, HIV, Vesicular 
Stomatitus Virus (VSV) G protein, human T cell 
leukemia (HTLV) type I and II, env proteins and 

25 combinations thereof. 

22. Mammalian target cells transduced with a 
foreign gene produced by the method of Claim 1. 

30 23. The target cells of Claim 22, wherein said 

cells are human cells. 

24. The target cells of Claim 2 2., wherein said 
; exxs are selected rrom tine qrouc onsistxna : 
35 lympnocytes, human hematopoietic stem ceils, 
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fibroblasts, epithelial cells, endothelial cells, 
myoblasts, retinal epithelial cells, islets of 
Langerhans, adrenal medulla cells, osteoblasts, 
osteoclasts, neurons, glial cells, ganglion cells, 
5 embryonic stem cells, and hepatocytes. 

25. The method of Claim 1, wherein said foreign 
gene is selected from the group consisting of growth 
factors, lymphokines, hormones and coagulation 

10 factors. 

26. The method of Claim 1, wherein said foreign 
gene encodes a chimeric T cell receptor. 

15 27. The method of Claim 26, wherein said 

chimeric T cell receptor is a receptor encoded by a 
DNA sequence comprising in reading frame: 

a sequence encoding a signal sequence; 
a sequence encoding a non-MHC restricted 
20 extracellular surface membrane protein domain binding 
specifically to at least one ligand; 

a sequence encoding a transmembrane domain; 

and 

a sequence encoding a cytoplasmic signal- 
25 transducing domain of a protein that activates an 
intracellular messenger system. 

28. The method of Claim 27, wherein said 
cytoplasmic domain is selected from the group 
30 consisting of the CD3 zeta chain, the CD3 eta chain, 
the CD3 gamma chain , the CD3 delta chain and the CD3 
epsilon chain. 
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29. The method of Claim 27, wherein said 
cytoplasmic domain is the gamma chain of the FceRl 
receptor . 

5 30. The method of Claim 29, wherein said 

extracellular domain is a CD antigen. 

31. The method of Claim 30, wherein said 
extracellular domain is CD4 or CD8 . 

10 

32. The method of Claim 27, wherein said 
extracellular domain is a single-chain antibody,- or 
portion thereof. 

15 33. The method of Claim 32, wherein said single- 

chain antibody is specific for the HIV env 
glycoprotein . 

34* The method of Claim 27, wherein said 
20 extracellular domain is a single-chain antibody 
specific for the HIV env glycoprotein and said 
cytoplasmic domain is zeta. 

35. The method of Claim 27, wherein said 
25 chimeric T cell receptor is a CD4/zeta receptor. 

36. A method for transducing with high 
efficiency mammalian target cells with foreign genes, 
said method comprising: 

30 A) transient cotransf ection of 293 cells 

with 

fi) at least one retroviral packaging 

^dsniu ^onipr^sina <± .east one : etr ov ^ r a ;;e±pe: .jN/- 
3b sequence aerivea rrom a replication-incompetent 
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retroviral genome encoding in trans all virion 
proteins required for packaging a replication- 
incompetent retroviral vector and for producing virion 
proteins capable of packaging said replication- 
5 incompetent retroviral vector at high titer, without 
the production of replication-competent helper virus, 
said retroviral helper DNA sequence lacking the region 
encoding the native enhancer and promoter of the viral 
5' LTR of said virus and lacking both the psi function 
10 sequence responsible for packaging helper genome and 
the 3'LTR, and encoding a foreign enhancer and 
promoter functional in a selected mammalian cell and a 
SV40 polyadenylation site; and 

15 (ii) a retroviral vector encoding a foreign 

gene to produce replication-defective recombinant 
retroviral vectors carrying said foreign gene in said 
293 cells; and 

20 B) cocultivation of said 293 cells producing 

replication-defective recombinant retroviral vectors 
carrying said foreign gene with a second population of 
mammalian target cells, to transduce said second 
population of target cells with said foreign gene, 

25 

whereby target cells efficiently transduced with 
said foreign gene are obtained* 

37, The method of Claim 36, wherein said target 
30 cells are human target cells. 

38, The method of Claim 37, wherein said human 
target cells are lymphocytes. 

35 
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39. The method of Claim 39, wherein said human 
target cells are hematopoietic stem cells. 

40. A method for transducing with high 

5 efficiency mammalian target cells with foreign genes, 
said method comprising cocultivation of transfected 
293 cells producing replication-defective recombinant 
retroviral vectors carrying a selected foreign gene 
with mammalian target cells, to transduce said target 
10 cells with said foreign gene, 

whereby target cells efficiently transduced with 
said foreign gene are obtained. 

15 41. The method of Claim 40, wherein said 293 

cells are transiently cotransf ected . 

42. The method of Claim 40, wherein said 293 
cells are stably transfected. 

20 

43. The method of Claim 40, wherein said 
mammalian target cells are human cells. 

44. The method of Claim 43, wherein said human 
25 cells are lymphocytes. 

45. The method of Claim 43, wherein said human 
cells are hematopoietic stem cells. 

30 46. The method of Claim 40, wherein said 293 

cells are transiently cotransf ected with: 

(a) at least one retroviral packaaincj 
-lasmia comprismq at .east one retrovira. neiper JNA 
3b sequence derived from a replication- incompetent 
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retroviral genome encoding in trans all virion 
proteins required for packaging a replication- 
incompetent retroviral vector and for producing virion 
proteins capable of packaging said replication- 
5 incompetent retroviral vector at high titer, without 
the production of replication-competent helper virus, 
said retroviral helper DNA sequence lacking the region 
encoding the native enhancer and promoter of the viral 
5* LTR of said virus and lacking both the psi function 
10 sequence responsible for packaging helper genome and 
the 3 ' LTR , and encoding a foreign enhancer and 
promoter functional in a selected mammalian cells, and 
a SV40 polyadenylation site; and 

15 (b) a retroviral vector encoding a foreign 

gene to produce replication-defective recombinant 
retroviral vectors carrying said foreign gene in said 
293 cells. 

20 47. A retroviral packaging plasmid for the 

production of high titers of recombinant retrovirus in 
human cells comprising at least one retroviral helper 
DNA sequence derived from a replication-incompetent 
retroviral genome encoding in trans all virion 

25 proteins required for packaging a replication- 
incompetent retroviral vector and for producing virion 
proteins capable of packaging said replication- 
incompetent retroviral vector at high titer, without 
the production of replication-competent helper virus, 

30 said retroviral DNA sequence lacking the region 

encoding the native enhancer and/or promoter of the 
viral 5 1 LTR of said virus and lacking the both the 
psi function sequence responsible for packaging helper 
genome and the 3 1 LTR , and encoding a foreign enhancer 
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and/or promoter functional in a selected mammalian 
cell, and a SV40 polyadenylation site. 

48, The retroviral packaging plasmid of Claim 

5 47, wherein said retrovirus is a leukemia retrovirus. 

49. The retroviral packaging plasmid of Claim 
48, wherein said leukemia retrovirus is selected from 
the group consisting of Moloney murine leukemia 

10 viruses (MMLV) , Gibbon ape leukemia viruses (GALV) , 
and HIV viruses* 



50. The retroviral packaging plasmid of Claim 
49 , wherein said foreign enhancer is the human CMV 

15 immediate early enhancer and said promoter is the 
native MMLV promoter. 

51. The retroviral packaging plasmid of Claim 
49, wherein said foreign enhancer and promoter is the 

2 0 human CMV immediate early enhancer and promoter. 

52. The retroviral packaging plasmid of Claim 
49, wherein said foreign enhancer and promoter is the 
MMSV enhancer and promoter. 

25 

53. The retroviral packaging plasmid of Claim 
49 wherein said DNA construct comprises two retroviral 
helper DNA sequences. 

30 54. The retroviral packaging plasmid of Claim 

53, wherein a first helper sequence codes for 
ecotropic MMLV gag and pol proteins and a second 

helper sequence codes for env proteins selected from 
:ne crroup consistinq o: xenotropni. , ampncrropni^ . 
35 ecotrophic, polytropic, 10A1 murine xeuKemia virus, 
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GALV, HIV, Vesicular Stomatitus Virus (VSV) G protein, 
human T cell leukemia (HTLV) type I and II env 
proteins and combinations thereof. 

5 55. Cells stably transfected with the retroviral 

packaging plasmid of Claim 47 or 54. 

56. The cells of Claim 55, comprising human 
cells. 

10 

57. A method for efficiently and rapidly 
transiently producing replication-defective 
recombinant retrovirus in mammalian cells at high 
titer comprising introducing into mammalian cells that 

15 can produce virus at least one retroviral packaging 

plasmid according to Claim 47 and a retroviral vector 
encoding a foreign gene, whereby mammalian cells 
containing said retroviral packaging plasmid and 
retroviral vector produce high titers of retrovirus 

20 for infection. 

58. The method of Claim 57 wherein said 
mammalian cells are human cells. 

25 59. The method of Claim 58, wherein said human 

cells are human embryonic kidney cells . 

60. The method of Claim 59, wherein said human 
embryonic kidney cells are 293 cells (ATCC No. 

30 CRL1573) . 

61. Transfected cells producing replication- 
defective recombinant retroviruses at high titer 
prepared by the method of Claim 57. 



35 
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62. The transfected cells of Claim 61, 
comprising human cells. 

63. The transfected cells of Claim 62, 
5 comprising human embryonic kidney cells. 

64. The transfected cells of Claim 63, 
comprising 293 cells (ATCC CRL1573) . 

0 65. A replication-defective retroviral vector 

designated pRTD4 . 2 comprising in the 5 1 to 3' 



replacement of the U3 region of the 5 1 LTR with the U3 
region of MMSV, viral gag sequences up to the Nar I 
15 site of MMLV, a retroviral splice acceptor and a 3' 
MMLV LTR region. 

66. A replication-defective retroviral vector 
designated pRTD2 . 2 comprising in the 5' to 3 1 

20 direction, a modified 5 f MMLV LTR region comprising 

replacement of the 5 1 LTR with the human CMV immediate 
early enhancer/promoter fused to the MMLV R region by 
an oligonucleotide encoding nucleotides 19 (Sac I) to 
+1 of the human CMV promoter linked to nucleotides +1 

25 to +32 (Kpnl) of MMLV, viral gag sequences up to the 

Nar I site of MMLV, a retroviral splice acceptor and a 
MMLV 3 1 LTR region. 



30 designated pRTD2.2SVG comprising a modification of the 
pRTD2.2 vector of Claim 66 consisting of replacement 
of the Sac I to Bst EII fragment of vector pRTD2 . 2 

with thp Sar T to Bst FIT fragment of vector T.XSN. 




modified 5 1 MMLV LTR region comprising 



67 . 



A replication-defective retroviral vector 
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68. A replication-defective retroviral vector 
designated pIKT2.2 comprising a modification of the 
pIKl.l vector containing the SV40 T antigen 
polyadenylation site and the SV40 origin of 
5 replication, said modification consisting of insertion 
of the DNA sequence between the 5 • LTR and 3 ' LTR of 
vector pRTD2 . 2 of Claim 66 between the SacI and Eco RI 
sites of pIKl. 1 

10 69. A replication-defective retroviral vector 

designated pIKT2.2SVG comprising a modification of the 
pIKl.l vector containing the SV40 T antigen 
polyadenylation site and the SV40 origin of 
replication, consisting of insertion of the DNA 

15 defined at its 5 1 end by the Sac I site in the human 
CMV promoter and defined at its 3' end by an Eco RI 
site located approximately 750 bp downstream of the 3 • 
LTR of vector pRTD2.2SVG of Claim 67, between the SacI 
and Eco RI sites of pIKl.l. 



70. A replication-defective retroviral vector 
comprising a modification of the pIKl.l vector in 
which the sequences of pIKl.l downstream of the human 
CMV immediate early enhancer/promoter and upstream of 

25 the SV40 origin of replication and SV40 

polyadenylation site are replaced with a fragment of a 
first retroviral vector consisting of the 5' R region 
of the first 

30 retroviral vector up to a restriction site downstream 
of the 3' LTR of said first retroviral vector. 

71. The replication-defective retroviral vector 
of Claim 70, wherein said first retroviral vector is a 

3 5 MMLV vector. 
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72. The replication-defective retroviral vector 
of Claim 69, wherein the splice acceptor has been 
replaced with a transcriptional control element 
internal to the vector selected from the group 

5 consisting of a promoter, enhancer, enhancer/promoter 
and a dominant control region . 

73. The retroviral vector of Claim 65, 66, 67, 
68, 69 or 72 further comprising DNA encoding a foreign 

10 gene inserted downstream of said splice acceptor. 

74. The retroviral vector of Claim "73 wh^r^in 
said foreign gene is a chimeric T cell receptor. 

15 75. The retroviral vector of Claim 74 wherein 

said receptor is a CD4/zeta or single-chain antibody 
chain/zeta T cell receptor. 

76. A method of using the replication-defective 
20 retroviral vector of Claim 73 to express high levels 

of packagable genomic retroviral transcripts in 
mammalian cells capable of producing virus by 
transiently cotransf ecting a first population of 
mammalian cells with a packaging plasmid and said 
25 retroviral vector. 

77. A mammalian cell producing recombinant 
retrovirus produced by the method of Claim 76. 

30 78. A mammalian cell according to Claim 77, 

wherein said mammalian cell is a human cell. 

79, A mammalian cell according to Claim 78, 
^Herein s a i u numan c e ± ^ . . > . • :e.. 
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80. The method of Claim 76, further comprising 
cocultivating said first population of mammalian cells 
with a second population of target cells to transduce 
said target cells with the foreign gene. 

5 

81. The method of Claim 80, wherein said target 
cells are lymphocytes . 

82. A cell line designated 90.74 ATCC No. . 

10 
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